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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
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1 [ACTIVE] Performance of OCC Techniques
[bookmark: _Hlk163651362]1.1Company contributing views
	Contribution
	Observation/Proposals

	Ericsson [2]
	Link level evaluation:
Proposal 1: Reuse assumptions on scenarios and simulation assumptions from the Rel-18 coverage enhancement study when relevant.
Proposal 2: For link level evaluation of PUSCH with OCC in LEO 600, focus on the SNR range [-2.7 to +2.4]-10log10(#PRBs) dB.
Observation 1: UE pre-compensation can be assumed to compensate for time drift.
Observation 2: The frequency offset should be applied across the full OCC length with a linearly increasing phase offset.
Proposal 3: RAN1 should study the impact of power imbalance in link level simulations. Based on link budget calculations, a suitable power imbalance is in the range [-2.5 dB, +2.5 dB], which can be modelled with a uniform random distribution for each UE.
System-level evaluation:
Observation 3: 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 4: 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 level point of view.
Link-level performance:
Observation 9: For VoIP, OCC across slots performs well in the presence of RF impairments with two UEs but not with four UEs. With network scheduling grouping UEs with similar frequency offsets onto the same time-frequency resource, OCC with four UEs also performs well.
Observation 10: For OCC across slots, low code rate can alleviate the interference from other UEs, where four UEs can keep good performance. There are significant throughput gains compared with no OCC.
Observation 11; For VoIP, OCC across OFDM symbols performs well in the presence of RF impairments with both two UEs and four UEs.
Observation 12; For VoIP, OCC within an OFDM symbol with TB splitting performs well in the presence of RF impairments with both two UEs and four UEs.
Observation 13: 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 14: When more than one PRB is available, multiplexing can also be achieved with FDM using separate PRBs per UE.
Observation 15: 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.
System-level performance:
Observation 16: 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 17: 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 5: Down-prioritize OCC level 8.
Comparison with FDM:
Observation 13: 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 14: When more than one PRB is available, multiplexing can also be achieved with FDM using separate PRBs per UE.
Observation 15: 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.

	ZTE [4]
	Observation 8: For inter-slot time domain OCC without TBoMS, at least 2 UEs in VoIP scenario and at least 4 UEs in Low data rate scenario can be supported without BLER performance degradation.
Observation 9: For inter-slot time domain OCC without TBoMS, at least 4 UEs can be supported in VoIP scenario and  Low data rate scenario with significant throughput improvement compared to single UE performance.
Proposal 2: Considering the trade-off between performance and specification impact, inter-slot time domain OCC should be supported.

	Huawei, HiSilicon [5]
	Observation 14: For PUSCH of VoIP with occ-length = 2, inter-repetition OCC, inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS share a similar BLER performance. 
Observation 15: For inter-symbol OCC and intra-symbol OCC with occ-length = 2, schemes w/ TBoMS significantly outperform schemes w/o TBoMS with a gap of approximately 7dB.
Observation 16: For PUSCH of VoIP with occ-length = 2 at the required SNR, compared to the throughput of 10.2kbps for the single UE w/o OCC, at least a 98% throughput gain (10.1kbps) can be obtained for inter-repetition OCC, inter-symbol OCC w/ TBoMS, and intra-symbol OCC w/ TBoMS.
Observation 17: For PUSCH of VoIP with occ-length = 2, when compared to single UE w/o OCC, a 98% throughput gain can be obtained at SNR higher than 3dB with inter-symbol OCC w/o TBoMS and intra-symbol OCC w/o TBoMS, respectively, while 37% and 31% throughput degradation are observed, respectively, at the required SNR.
Observation 18: For PUSCH of VoIP with occ-length = 4, when compared to single UE w/o OCC at the required SNR, the aggregated throughput increases from 10.2 kbps to 37.4kbps, 40.4kpbs, and 40.7kbps, and thus a 267% throughput gain, a 296% throughput gain, and a 299% throughput gain can be obtained under inter-repetition OCC, inter-symbol OCC, and intra-symbol OCC, respectively.
Observation 19: For PUSCH of VoIP with occ-length = 4, both inter-symbol OCC w/ TBoMS and intra-symbol OCC w/ TBoMS only slightly outperforms inter-repetition OCC with a gap smaller than 3.3kbps at the required SNR.
Observation 20: For PUSCH of VoIP with occ-length = 4, inter-symbol OCC w/o TBoMS and intra-symbol OCC w/o TBoMS can hardly work and the aggregated throughput is even smaller than single UE w/o OCC at the required SNR.

	Qualcomm [9]
	Observation 1: Pre-DFTS comb, overloading and Cross-symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 are robust to all impairments. Cross-slot OCC is impacted most by impairments – mainly CFO.
Observation 2: 
· Pre-DFTS comb-based OCC schemes (including comb + symbol-level OCC) can offer up to 8x multiplexing gains at lower SNRs while 2x gains at higher SNRs for different payload sizes and different target BLERs, within 1 dB degradation loss. For a fixed payload size, these schemes undergo performance loss as available resources (repetitions) are reduced due to increased coding rate.
· Overloading schemes can get 2x multiplexing gains at lower SNRs and higher target BLERs, within 1 dB degradation loss. The performance of these schemes saturates as number of multiplexed users is increased and/or as operating SNR is increased (systems become interference limited).
· Cross-slot OCC can get 2x multiplexing gains at lower SNRs and higher target BLERs, within 1 dB degradation loss. The performance of cross-slot OCC is similar to overloading because of CFO impacting interference cancellation capability (orthogonality) of OCC.

	Apple [8]
	Observation 4: The BLER performance of PUSCH with inter-slot time-domain.

	OPPO [7]
	Observation 1: Almost N times throughput can be achieved for PUSCH with OCC when compared to PUSCH without OCC for all the evaluated OCC schemes except for the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A.
Observation 2: For the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A, throughput gain is obvious when compared to PUSCH without OCC. 
Observation 3: For the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A, the impact of FO would be reduced and the performance would be enhanced if the FO is estimated and compensated at gNB side.

	MediaTek [11]
	[bookmark: OLE_LINK14]Observation 7: For PUSCH for VoIP:
· Inter-slot OCC scheme with occ-length=2 incurs only a 0.6dB SNR penalty at 2% BLER compared to a single UE without OCC.
· Inter-slot OCC scheme with occ-length=4 cannot achieve 2% BLER performance target. 
[bookmark: OLE_LINK19]Observation 8: The aggregated throughput for inter-slot OCC with occ-length=2 can be twice as large as that for non-OCC single UE when repetitions are used.
Proposal 8: Support inter-slot OCC with occ-length 2 when repetitions are needed to close the UL link budget.

	CATT [12]
	Observation 4: Total throughput with OCC is twice that of without OCC without BLER performance degradation. 
Proposal 1: Under the constraint of time domain symbol length, PUSCH repetition typeB can be considered as a method of performing OCC across the symbols.
Proposal 2: It is not needed to combine the TBoMS and OCC across the symbols due to signficant complexity and specification impact.
Observation 4: Total throughput with OCC is twice that of without OCC without BLER performance degradation. 
Observation 5: When using repetition, compared to the situation without OCC, the total throughput with OCC increases with slight BLER performance loss.
Observation 6: The advantages of OCC within one symbol is not obvious.

	Spreadtrum [14]
	Observation 1: From a system perspective, PUSCH transmission with OCC can increase the capacity of PUSCH transmission in the system with spread spectrum gain.

	Panasonic [16]
	Observation 3: Intra-symbol OCC shows the best BLER performance among the three OCC options. Degradation due to inter-OCC interference caused by the impairments is seen especially for inter-slot OCC. 
Proposal 3: Intra-symbol OCC should be considered as the first priority.
Observation 4: Throughput improvement by 1.9-2.3 times and 3.0-3.8 times compared to without OCC are observed for OCC length 2 and 4, respectively.

	CMCC [18]
	Observation 5: The legacy redundancy version cycling as defined in current specification for DG PUSCH repetition may not be workable as the repetition number increases. The enhancements to the RV cycling for PUSCH repetition when slot level OCC multiplexing is adopted. 
Proposal 5: The enhancement to the redundancy version cycling of the PUSCH repetition should be considered, when the slot-level PUSCH OCC multiplexing is adopted.
Observation 5: The legacy redundancy version cycling as defined in current specification for DG PUSCH repetition may not be workable as the repetition number increases. The enhancements to the RV cycling for PUSCH repetition when slot level OCC multiplexing is adopted. 
Proposal 5: The enhancement to the redundancy version cycling of the PUSCH repetition should be considered, when the slot-level PUSCH OCC multiplexing is adopted.
Observation 6: For the traffic of small data rate, the performance comparison between PUSCH OCC and single UE without multiplexing are listed below,
With PUCH repetition =8
· The performance loss of OCC =2 compared with SU equals to 0.46.
· The performance loss of OCC =4 compared with SU equals to 1.45.
· The performance loss of OCC =8 compared with SU equals to 3.78.
With PUCH repetition =16
· The performance loss of OCC =2 compared with SU equals to 0.29.
· The performance loss of OCC =4 compared with SU equals to 0.85.
· The performance loss of OCC =8 compared with SU equals to 1.2.
With PUCH repetition =32
· The performance loss of OCC =2 compared with SU equals to 0.11.
· The performance loss of OCC =4 compared with SU equals to 0.4.
· The performance loss of OCC =8 compared with SU equals to 0.54.
Observation 7: For the traffic of VoIP, the performance comparison between PUSCH OCC and single UE without multiplexing are listed below,
With PUCH repetition =16
· The performance loss of OCC =2 compared with SU equals to 0.47.
· The performance loss of OCC =4 compared with SU equals to 1.26.
· The performance loss of OCC =8 compared with SU equals to 2.49.
With PUCH repetition =32
· The performance loss of OCC =2 compared with SU equals to 0.27.
· The performance loss of OCC =4 compared with SU equals to 1.32.
· The performance loss of OCC =8 compared with SU equals to 1.73.
Observation 7: For the traffic of VoIP, the performance comparison between PUSCH OCC and single UE without multiplexing are listed below,
With PUCH repetition =16
· The performance loss of OCC =2 compared with SU equals to 0.47.
· The performance loss of OCC =4 compared with SU equals to 1.26.
· The performance loss of OCC =8 compared with SU equals to 2.49.
With PUCH repetition =32
· The performance loss of OCC =2 compared with SU equals to 0.27.
· The performance loss of OCC =4 compared with SU equals to 1.32.
· The performance loss of OCC =8 compared with SU equals to 1.73.
Observation 8: Considering the multiple folds capacity enhancements of OCC code length 8, the performance loss in both small data rate and VoIP is acceptable. 
Proposal 6: Support OCC code length of 8 for PUSCH in Rel-19 NR NTN.
Proposal 7: The discussion on the OCC application to the Msg 3 PUSCH with repetitions should be deprioritized.

	Vivo [28]
	Observation 1. When TO/FO is considered for TBS=96 bits with OCC length=2, inter-symbol/intra-symbol OCC schemes show around 1.06 dB performance loss, inter-slot OCC schemes about 1.57 dB performance loss compared with baseline.
Observation 2. When TO/FO is considered for TBS=96 bits with OCC length=2, inter-slot OCC is slightly worse than intra-symbol OCC/inter-symbol OCC.
Observation 3. When different FO error distinctions are considered between multiplexed UEs, the performance of OCC schemes becomes worse.
Observation 4. When TO/FO is considered for TBS=96 bits with OCC length=4, inter-symbol/intra-symbol OCC schemes show around 2.6 dB performance loss, inter-slot OCC schemes about 3.86 dB performance loss, compared with baseline.
Observation 5. When TO/FO is considered for TBS=96 bits with OCC length=4, inter-slot OCC suffers an error floor.
Observation 6. When TO/FO is considered for TBS=96 bits with OCC length=2 or 4, inter-symbol OCC and intra-symbol OCC have a similar performance.
Proposal 1. The following OCC scheme can be further considered
· Time-domain OCC across slots/repetitions
· Pre-DFT frequency-domain OCC within symbols

	Xiaomi [13]
	Observation 5: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is ~0.5 dB and ~4.1 dB for 2 and 4 multiplexed UEs respectively compared to single UE transmission for VOIP service with 2% BLER. 
Observation 6: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0 dB and 0.4 dB for 2 multiplexed UEs and 4 multiplexed UEs respectively compared to single UE transmission for VOIP service with 2% BLER.
Observation 7: For pre-DFT based OCC spreading with 8 repetitions, the performance loss is 0.7 dB and 1.9 dB for 2 and 4 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 8: For pre-DFT based OCC spreading with 4-slot TBoMS and 2 repetitions, the performance loss is 0 dB and 0.6 dB for 2 and 4 multiplexed UEs respectively for low data rate service with 10% BLER.
Observation 9: In general, pre-DFT based OCC spreading combining with TBoMS and repetitions has better link performance than pre-DFT based OCC spreading only with repetitions.
Observation 10: 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 11: 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: For repetition-based OCC multiplexing, the performance loss is 0.5 dB and 0.6 dB for 2 multiplexed UEs for VOIP with 2% BLER and for low data rate with 10% BLER respectively. 
Observation 13: For repetition-based OCC multiplexing, the performance loss is more than 10 dB and 3.9 dB for 4 multiplexed UEs for VOIP with 2% BLER and for low data rate service with 10% BLER respectively.
Observation 14: In general, repetition-based OCC multiplexing can effectively enhance system throughput, even at low SNR and with single UE’s performance degradation.
Proposal 2: Don’t support 8 UE multiplexing for NR-NTN uplink capacity enhancement.

	Samsung [10]
	Proposal 1: Conclude that DFT-s-OFDM PUSCH enhancements via OCC is not targeted to Msg3 PUSCH.
Proposal 2: RAN1 does not pursue code length 8 for OCC PUSCH.
Proposal 3: RAN1 does not discuss further whether to limit the number of PRBs applicable to OCC PUSCH.
Observation 3: OCC schemes shows similar aggregated throughput performances in case of OCC length 2/4.

	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.
Proposal 3: Support the intra-symbol pre-DFT-s OCC for NPUSCH enhancements via Orthogonal Cover Codes (OCC), at least for double and/or quadruple capacity improvement.

	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. 

	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: Inter-slot time domain OCC can be supported in a system with two types of UE (w and w/o Rel-19 OCC capability), which may achieve the same performance as the system only has UE with OCC capability.
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, which may cause a quite long latency.
Proposal 2: Inter-slot time domain OCC is slightly preferred when the number of RBs is configured for UE ≥ 2.
Proposal 5: Coherent combining issue in inter-slot time domain OCC caused by dropping rules or other reasons should be further considered.

	ETRI
	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)



Proposal 2. RAN1 to study following details on 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.

Observation 1. On the (maximum) number of RBs to apply OCC for PUSCH in NTN,
· the network has full responsibility to choose a proper frequency resource allocation and OCC indication/configuration, and
· some of possible OCC indication methods (e.g., DCI-based OCC indication) may be able to implicitly cover such tight correlation between OCC indication/configuration and frequency resource allocation.
Proposal 3. RAN1 to support OCC for TBoMS transmission, at least for the following cases:
· Case #1: numberOfSlotsTBoMS = 2, numberOfRepetitions = 2
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· Case #2: numberOfSlotsTBoMS = 2, numberOfRepetitions = 4
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· Case #3: numberOfSlotsTBoMS = 2, numberOfRepetitions = 8
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	NICT [26]
	Observation 2: Throughput and BLER are affected by the configuration of the RV arrangement in the OCC scheme across slots.
Observation 3: In NR-NTN communications, some UEs are equipped with high-gain antennas and experience favorable propagation conditions.

	LG [23]
	




In RAN1#116bis, the following FL recommendation as made to help capture companies link-level evaluation results for OCC
Companies are encouraged to provide SNR performance loss X dBs of OCC techniques compare to single UE with no OCC simulated with link-level evaluation methodology impairments for the following  
For VoIP @ 2% BLER:
· For OCC length N = 2:
· Inter-slot time-domain OCC with PUSCH repetition Type A: X dB
· Inter-symbol(s) time domain OCC: X dB
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4): X dB
· OCC length N = 4 
· Inter-slot time-domain OCC with PUSCH repetition Type A: X dB
· Inter-symbol(s) time domain OCC: X dB
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4): X dB
 For Low data rates @ 10% BLER:
· For OCC length N = 2: 
· Inter-slot time-domain OCC with PUSCH repetition Type A: X dB
· Inter-symbol(s) time domain OCC: X dB
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4): X dB
· OCC length N = 4: 
· Inter-slot time-domain OCC with PUSCH repetition Type A: X dB
· Inter-symbol(s) time domain OCC: X dB
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4): X dB

[bookmark: _Hlk163820536]FO sign with OCC:
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.

OCC length 8:
Ericsson [2] observed cdf SNR has 3 dB for OCC level 8 and proposed to down-prioritize OCC level 8. Several companies mentioned to de-prioritize OCC length 8.





Comparison of intra-symbol OCC with FDM:
Ericsson [2] discussed 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 the number of allocated PRBs is larger than 1, there is no gain observed.
[image: ]
Ericsson [2] Link performance with OCC versus FDM
OCC performance at high SNR:
Qualcomm [9]discussed that while the degradation of slot-level OCC is small at low SNRs, the performance improvement with respect to “random scrambling” is minimal, especially for OCC-4. At higher SNRs, the degradation of slot-level is not acceptable. Symbol level OCC offers good performance across all SNRs, with a slight degradation (~0.4dB) observed at 0dB SNR for OCC4.
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Qualcomm [9] Figure 4: SNR loss at 10% of the CDF for OCC-2 (left) and OCC-4 (right)
Evaluation methodology:
Ericsson [2]  propose the following to 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.
[image: ]
Ericsson [2] Figure 1 Frequency offset modelling.
Repetitions with OCC schemes:
We copy below the evaluation results from Panasonic [16]. The results would suggest that at low SNR when relatively more repetitions are needed, the 3 OCC techniques give similar performance to multiplex 2 UEs or 4 UEs with OCC length 2 and 4 respectively, with up to 8 repetitions considered. With smaller number of repetitions 2, the performance of the 3 OCC schemes is still close for 2 UEs or 4 UEs multiplexed as can be observed from the throughput plot. Depending on SNR range, 3 to 4 times capacity gain can be observed.
[image: ]














Panasonic [16] BLER and Throughput performance
Moderator summary and views on performance of OCC schemes:
We were unfortunately not able to include all the results from all companies in the tables above, as the methodology and description were confusing. The results from Panasonic, Ericsson and Qualcomm were included in FL summary above as they are very helpful in comparing the OCC schemes and making the FL observation below. Based on FL recommendation in RAN1#116bis, we re-used table from Huawei [5] for comparison of KPIs under different OCC schemes as a template, and added companies evaluation results including w/ and w/o TBoMS.
FL Summary Table 1: PUSCH of VoIP
	
	
	Inter-repetition
	Inter-symbol
	Intra-symbol

	baseline
	SNR@2%BLER
	HW/ -5.6dB, ZTE/ -5 dB, E/// -2.5 dB, CATT -2.6 dB, MTK -2.4 dB, Xiaomi -4.2 Db, CMCC -5.45

	
	Aggr thpt @required SNR
	HW/ 10.2kbps, ZTE/ 9 kbps, MTK 10 kbps

	OCC2 w/ TBoMS
	SNR@2%BLER
	NA
	HW/ -5.4dB
ZTE/ -5 dB
Xiaomi -4.2 dB
	HW/ -5.6dB
E/// -2.7 dB

	
	Aggr thpt @required SNR
	NA
	HW/ 20.2kbps
ZTE/ 18 kbps
	HW/ 20.3kbps

	OCC4 w/ TBoMS
	SNR@2%BLER
	NA
	HW/ -5.2dB
ZTE/ -5 dB
Xiaomi -3.8 dB
	HW/ -5.6dB
E/// -2.3 dB

	
	Aggr thpt @required SNR
	NA
	HW/ 40.4kbps
ZTE/ 36 kbps
	HW/ 40.7kbps

	OCC2 w/o TBoMS
	SNR@2%BLER
	HW/ -5.2dB
ZTE/ -5 dB
E/// -2.1 dB
CATT -2.1 dB
MTK -2 dB
Xiaomi -3.7 dB
CMCC -5.18dB
	HW/ 2.1dB
E/// -2.4 dB
CATT -2.6 dB
	HW/ 1.7dB
ZTE/ Not reach
CATT -2.4 dB
Xiaomi -3.7 dB

	
	Aggr thpt @required SNR
	HW/ 20.2kbps
ZTE/ 18 kbps
MTK 20.1 kbps
	HW/ 6.5kbps
	HW/ 7.0kbps
ZTE/ 16 kbps

	OCC4 w/o TBoMS
	SNR@2%BLER
	HW/, ZTE, E///, Xiaomi  Not reach
CMCC -4.13
	HW/ not reach
E/// -2.4 dB
	HW/, ZTE/ not reach
Xiaomi -0.1 dB

	
	Aggr thpt @required SNR
	HW/ 37.4 kbps
ZTE/ 35 kbps
	HW/ 1.5kbps
	HW/ 3.0kbps
ZTE/ not reach




FL summary Table 2: PUSCH of low data rate.
	
	
	Inter-repetition
	Inter-symbol
	Intra-symbol

	baseline
	SNR@10%BLER
	HW/ -6.5dB, ZTE/ -11.5 dB, E/// -4.7 dB, Apple -11 dB, OPPO -3.5 dB, Xiaomi -6.1 dB, CMCC -11.12

	
	Aggr thpt @required SNR
	HW/ 6.5kbps, ZTE/ 2.7 kbps, E/// 7 kbps, OPPO 12.6 kbps

	OCC2 w/ TBoMS
	SNR@10%BLER
	HW/ NA
OPPO -2.3 dB
	HW/ -6.2dB
ZTE/ -11.4 dB
Xiaomi -6.1 dB
OPPO -3 dB
	HW/ -6.4dB
OPPO -3 dB

	
	Aggr thpt @required SNR
	HW/ NA
OPPO 24 kbps
	HW/ 12.9kbps
ZTE/ 5.3 kbps
OPPO 24.6 kbps
	HW/ 12.9kbps
OPPO 24.6 kbps

	OCC4 w/ TBoMS
	SNR@10%BLER
	HW/ NA
OPPO not reach
	HW/ -6.0dB
ZTE/ -11.4 dB
Xiaomi -5.5 dB
OPPO -2.3 dB
	HW/ -6.3dB
OPPO -2.4 dB

	
	Aggr thpt @required SNR
	HW/ NA
OPPO 42 kbps
	HW/ 25.8kbps
ZTE/ 10.7 kbps
OPPO 50 kbps
	HW/ 25.8kps
OPPO 50 kbps

	OCC2 w/o TBoMS
	SNR@10%BLER
	HW/ -6.0dB
ZTE/ -11.5 dB
E/// -4.6 dB
Apple -10.8 dB
OPPO -2.3 dB
Xiaomi -5.5 dB
CMCC -11.01
	HW/ -0.2dB
OPPO -3 dB
	HW/ -0.4dB
ZTE/ -10.0 dB
OPPO -3 dB
Xiaomi -5.4 dB

	
	Aggr thpt @required SNR
	HW/ 12.9kbps
ZTE/ 5.3 kbps
E/// 13 kbps
OPPO 24 bbps
	HW/ 8.4kbps
OPPO 24.6 kbps
	HW/ 8.5kbps
ZTE/ 4.8 kbps
OPPO 24.6 kbps

	OCC4 w/o TBoMS
	SNR@10%BLER
	HW/ -3.3dB
ZTE/ -11.4 dB
E/// -2.2 dB
Apple -10.7 dB
OPPO not reach
Xiaomi -2.2 dB
CMCC -10.72
	HW/ not reach
OPPO -2.3 dB
	HW/ not reach
ZTE/ -9.0 dB
OPPO -2.4 dB
Xiaomi -4.2 dB

	
	Aggr thpt @required SNR
	HW/ 23.7kbps
ZTE/ 10.7 kbps
E/// 26 kbps
OPPO 42 kbps
	HW/ 1.4kbps
OPPO 50 kbps
	HW/ 2kbps
ZTE/ 8.6 kbps
OPPO 50 kbps



Based on evaluation results from contributing companies, the following observations are made:
· Intra-symbol OCC has best performance when timing drift and CFO are taking into account with up to 4 times capacity gain achieved at target rate compare to single UE without OCC. 
· Inter-symbol(s) OCC performance is close to that intra-symbol(s) OCC, which can be explained by the fact that with suitably small cluster of symbols, the impact of timing drift can be mitigated. 
· Inter-slot OCC has close performance to intra-symbol OCC or inter-symbol(s) when repetition are used at low SNR. It can be argued that at relatively higher SNR with fewer repetitions or a higher MCS, SNR is not the limiting factor and the impact of timing drift becomes more significant. This may then depend on gNB scheduler implementation
· OCC length 8 was shown to have significant SNR loss at system level.    

1.2 First Round Discussion
[bookmark: _Hlk167118956]Initial Proposal 1-1: Capture the FL Summary table 1 and FL Summary Table 2 in Section 1.1 in RAN1 Session Chair notes.

[bookmark: _Hlk167118756]Initial Proposal 1-2: For PUSCH with OCC, the following observations are made:
· Intra-symbol OCC has best performance when timing drift and CFO are taking into account with up to 4 times capacity gain achieved at target rate compare to single UE without OCC. 
· Inter-symbol(s) OCC performance is close to that intra-symbol(s) OCC, which can be explained by the fact that with suitably small cluster of symbols, the impact of timing drift can be mitigated. 
· Inter-slot OCC has close performance to intra-symbol OCC or inter-symbol(s) when repetition are used at low SNR. It can be argued that at relatively higher SNR with fewer repetitions or a higher MCS, SNR is not the limiting factor and the impact of timing drift becomes more significant. This may then depend on gNB scheduler implementation
· OCC length 8 was shown to have significant SNR loss at system level.    
 
Initial Proposal 1-3: Deprioritize OCC length 8 for PUSCH for inter-slot OCC, inter-symbol(s) OCC, and intra-symbol OCC.

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

	Qualcomm
	· Proposal 1-1: We cannot agree as our results are not captured.
· Proposal 1-2: 
· First bullet: OK
· Second bullet: We should add “CFO” on top of timing drift.
· Third bullet: We do not understand the statement. First of all, we should clarify that this would only be the case for OCC-2. Then, we should clarify that at lower SNRs, the effect of orthogonality loss due to CFO is not important since noise is the limiting factor. We would also like to mention that not doing anything (just scheduling UEs on top of each other) has very similar performance to slot-level OCC. Therefore, we would like to rephrase as follows:
[bookmark: _Hlk167119157]Inter-slot OCC with spreading factor of 2 has close performance to intra-symbol OCC or inter-symbol(s) when repetition are used at low SNR (e.g. in cases where loss of orthogonality due to CFO is not the limiting factor, since the system is noise limited). At low SNRs, scheduling multiple UEs in the time-frequency resources without OCC offers similar performance to inter-slot OCC. It can be argued that at relatively higher SNR with fewer repetitions or a higher MCS, SNR is not the limiting factor and the impact of timing drift becomes more significant. This may then depend on gNB scheduler implementation

· 

	LGE
	[Initial Proposal 1-2]
We have some comments.
In the case of intra-symbol OCC, observations should be differentiated depending on whether TBoMS is applied or not. For example, in the simulation results of some companies, it was observed that in the case of intra-symbol OCC without TBoMS, the performance in terms of required SINR may be relatively poor due to the high code rate.
In the case of inter-slot OCC, it does not seem appropriate to include the argument at high SINR in the observation. Since to include the argument(s) only for a specific OCC technique can cause bias. For example, in the case of intra-symbol OCC, there are arguments from several companies that there is no benefit compared to FDM case when there are many PRBs but these arguments are not captured.
In addition, performance metric should be clarified. For example, the claim that the performance of inter-slot OCC at low SINR has similar performance to TDM/FDM of multiple UE(s) without OCC was made in the required SINR perspective. From the aggregated throughput perspective, applying OCC has clear performance gains. Moreover, intra-symbol OCC with TBoMS has good performance in terms of required SINR, but it seems that this is mainly due to the low code rate by applying TBoMS.
[Initial Proposal 1-3]
OK.


	NTT DOCOMO
	OK with the proposal 1-1/2/3

	Nokia
	Initial proposal 1-2:
It may be important that we also list the conditions that need to be fulfilled before the application of OCC is useful from RAN1 perspective. At least we find the following as a needed:
To multiplex X UEs with OCC of length X the following is needed:
· UE in coverage shortage (to have PUSCH repetitions)
· UE support of the feature
· UE having requirement for UL transmission(s).
If any of the above is not fulfilled, the feature may not even give a gain, but on the other hand provide additional specification effort.
Considering the specification efforts, we should do our best to focus on only one solution – and that solution should target the smallest possible specification effort.
Initial proposal 1-3:
OK

	Panasonic
	[Initial Proposal 1-1] 
It seems too early to capture these results because there are large differences between companies
[Initial Proposal 1-2]
With the same TBS and resource size (#PRBs x #slots), the observations on the performance comparison of OCC schemes are reasonable to us. On the third bullet, impact of CFO should be mentioned rather than timing drift. 
[Initial Proposal 1-3]
OK. 

	OPPO
	Proposal 1-1: 
Our simulation results are evaluated under the assumption of TBoMS, as corrected in FL Summary Table 2.
Proposal 1-2:
Fine with the first and second bullet. Regarding the third bullet, we observed that it should be restricted to OCC length 2.
Proposal 1-3:
OK.

	CMCC
	Proposal 1-1: adding CMCC’s evaluation results into the Table 1 and 2.


	Apple
	OK with Proposals 1-1/2/3

	Huawei, HiSilicon
	For proposal 1-1, the name of 3rd and 4th columns should be replaced by inter slot time domain OCC with repetition type A and inter symbol(s) time domain OCC in order to align with the candidate schemes we agreed in last meeting. 
For proposal 1-2, 
· 1st and 2nd sub-bullets, we observed similar performance between intra symbol and inter symbol(s) OCC. The better BLER performance than inter slot OCC is only when OCC length is 4 and TBoMS is enabled. there is repetition for intra symbol and inter symbol OCC as well in evaluation. we suggested to merge these two bullets as following. 
Intra-symbol OCC and inter symbol(s) OCC haves similarbest BLER and aggregated throughput performance when timing drift and CFO are taking into account with up to 4 times capacity gain achieved at target rate compare to single UE without OCC. The BLER is better than inter slot time domain OCC with repetition type A when OCC length is 4 and TBoMS with repetition are used.
· 3nd sub-bullet, the similarity among three OCC schemes with OCC length 2 is not only for lower SINR but also for higher SNR. In addition, for OCC 2, inter slot OCC is better than inter symbols and intra symbol OCC if TBoMS is not enabled. suggest following change

Inter-slot OCC has close performance to intra-symbol OCC or inter-symbol(s) with TBoMS enabled when repetition are used and OCC length is 2. Inter-slot OCC has better performance to intra-symbol OCC or inter-symbol(s) OCC without TBoMS for both OCC length 2 and 4. at low SNR. It can be argued that at relatively higher SNR with fewer repetitions or a higher MCS, SNR is not the limiting factor and the impact of timing drift becomes more significant. This may then depend on gNB scheduler implementation
For Proposal 1-3, support


	ZTE
	Proposal 1-1:
It’s better for companies to further check whether TBoMS is used for inter symbol and intra-symbol for getting the results in the table, actually OCC-4 without TBoMS in some scenarios would make the coding rate of intra-symbol and inter-symbol larger than 1, we are wondering how this works.
Proposal 1-2: 
Actually the observation is not true, without TBoMS, intra-symbol and inter-symbol OCC cannot work well as shown by many companies. 
In addition, timing drift is not the key factor that has impact the performance, we don’t need to highlight that.
Additionally, we suggest the following changes
· Intra-symbol OCC with TBoMS has best performance when timing drift and CFO are taking into account with up to 4 times capacity gain achieved at target rate compare to single UE without OCC. 
· Intra-symbol OCC without TBoMS cannot achieve reasonable performance since the coding rate would be significantly increased.
· Inter-symbol(s) OCC performance with TBoMS is close to that intra-symbol(s) OCC, which can be explained by the fact that with suitably small cluster of symbols, the impact of timing drift FO can be mitigated. 
· Inter-symbol OCC without TBoMS cannot achieve reasonable performance since the coding rate would be significantly increased.
· 
· Inter-slot OCC without TBoMS has close performance to intra-symbol OCC or inter-symbol(s) when repetition are used at low SNR. It can be argued that at relatively higher SNR with fewer repetitions or a higher MCS, SNR is not the limiting factor and the impact of timing drift becomes more significant. This may then depend on gNB scheduler implementation
· OCC length 8 was shown to have significant SNR loss at system level.  
Proposal 1-3: Support.

	Fujitsu
	We support proposal 1-1 and 1-2. In the case of proposal 1-3, basically it seems OK but it can exclude inter-slot OCC with OCC length 8 because the effect of timing drift is not negligible in this situation.

	Ericsson
	Proposal 1-1: We should work further on aligning the results, understanding the differences, and including results from more companies before capturing them in the chair session notes. Results from Ericsson for inter-symbol and intra-symbol should be included.
Proposal 1-2: First bullet: OK. Second bullet: Agree with QC. Third bullet: OK. Fourth bullet: SNR should be changed to SINR.
Proposal 1-3: OK

	
	

	
	

	
	

	
	

	
	

	
	

	
	



1.3 Summary of First Round Discussion
TBA

Proposal 2.1
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:  
· Across-symbols: 
· Within a symbol:  
· OCC length N = 4 with impairments: 
· Inter-slot:  
· Across-symbols:    
· Within a symbol: 
 For Low data rates @ 10% BLER:
· For OCC length N = 2: 
· Inter-slot: 
· Across symbols: 
· Within a symbol: 
· OCC length N = 4: 
· Inter-slot: 
· Across-symbols: 
· Within a symbol: 

2 [ACTIVE] Mapping of OCC schemes




2.1 Company contributing views
	Contribution
	Observation/Proposals

	Ericsson [2]
	Inter-slot time domain OCC
Observation 4: For OCC across slots based on Type A PUSCH repetitions, one of the OCC multiplexed UEs can potentially be a UE without Rel-19 OCC capability.
Inter-symbol(s) time domain OCC
Observation 5: For OCC across symbol groups based on Type B PUSCH repetitions, one of the OCC multiplexed UEs can potentially be a UE without Rel-19 OCC capability.
Inter-symbol(s) time domain OCC
Observation 6: For intra-symbol OCC, multiplexing with a UE without OCC capability on the same time-frequency resource is not possible.
Observation 8: TBoMS can only help OCC within an OFDM symbol to keep a low MCS.

	ZTE [4]
	Inter-slot time domain OCC
Observation 1: Inter-slot time domain OCC can provide the promising gain with limited spec effort and implementation complexity considering the tolerance to frequency offset.
Observation 2: TBoMS is not required to be configured along with inter-slot time domain OCC.
Proposal 1: In NR NTN with inter-slot time domain OCC, the redundancy versions for different repetitions should be kept the same.
Inter-symbol(s) time domain OCC
Observation 3: Inter-symbol time domain OCC requires significant change on the legacy resource mapping.
Observation 4: Inter-symbol time domain OCC has higher tolerance to frequency offset.
Observation 5: Inter-symbol time domain OCC is feasible only if the enhanced TBoMS is jointly supported to maintain reasonable coding rate.
Intra-symbol pre-DFT-s OCC
Observation 6: OCC within symbol may have impact on the required frequency domain resources, coding rate, PAPR and transmission power.
Observation 7: Intra-symbol Pre-DFT OCC is feasible only if the TBoMS is jointly supported to maintain reasonable coding rate in some scenarios.
Down scoping of OCC Techniques:
Proposal 2: Considering the trade-off between performance and specification impact, inter-slot time domain OCC should be supported.

	Huawei, HiSilicon [5]
	Inter-slot time-domain OCC with PUSCH repetition Type A
Observation 1: Inter-slot time domain OCC can reuse existing resource mapping for PUSCH repetition type A.
Inter-symbol(s) time domain OCC
Observation 2: Inter-symbol(s) OCC can be applied to PUSCH with repetition type A and TBoMS by changing the symbol-level resource mapping per slot. The resource mapping for PUSCH repetition type B can be reused when the number of symbols per symbol group is same as the length of PUSCH and the nominal repetition is not across slot boundary.
 
Intra-symbol pre-DFT-s OCC
Observation 3: Intra-symbol pre-DFT OCC can be applied to PUSCH with repetition type A/B and TBoMS. The legacy time domain resource mapping can be reused.


	Nokia [6]
	Observation 1: Motivation for introducing an intra-symbol or inter-symbol OCC scheme is unclear.
Observation 2: Intra-symbol and inter-symbol OCC will impact the signal generation mechanisms yielding a loss in baseline PUSCH performance for the single UE.
Observation 3: Intra-symbol OCC suffers from inter subcarrier emissions lowering its performance in actual deployments.
Proposal 1: RAN1 to support only OCC with PUSCH repetition Type A in Rel-19 NR NTN.

	Qualcomm [9]
	Proposal 1: Support the following schemes for PUSCH OCC:
· Inter-symbol time domain OCC with spreading factor of 2
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with spreading factor of up to 4.
· Both techniques can be simultaneously applied to achieve a spreading factor of 8.
Proposal 2: OCC schemes can only be applied when the number of allocated PRBs is 1.
Proposal 3: OCC is supported for TBoMS at least for the case of repetitions

	OPPO [7]
	Observation 4: Each candidate OCC scheme has its pros and cons, and can be considered for PUSCH transmission with OCC.
Proposal 1: Support inter-symbol(s) time-domain OCC, intra-symbol pre-DFT-s OCC, and/or inter-slot time-domain OCC for PUSCH transmission.
Proposal 4: Support TBoMS for inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC.

	Apple [8]
	Proposal 7: RAN1 is to prioritize the inter-slot time-domain OCC scheme.

	MediaTek [11]
	[bookmark: OLE_LINK3][bookmark: _Hlk165568603]Observation 1:  Intra-symbol pre-DFT-s OCC with a comb-like structure and inter-symbol OCC technique based on PUSCH repetition Type B with SLIV value with L=1 and repetition across symbols or L>1 and repetition across symbol clusters are similarly robust to timing drift.
Observation 2: Intra-symbol pre-DFT-s OCC with a comb-like structure requires doubling of transmission bandwidth and has high impact on specification and complexity than inter-symbol OCC technique based on PUSCH repetition Type B with SLIV value with L=1 and repetition across symbols or L>1 and repetition across symbol clusters.
Proposal 1: Prioritize inter-slot OCC with PUSCH repetition Type A for lengths 2.
Proposal 2: Inter-symbol(s) time domain OCC based on PUSCH repetition Type B is second priority with: 
· SLIV value with L=1 and repetition across symbols 
· SLIV value with L>1 and repetition across symbol clusters  
Proposal 3: De-prioritize intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4.

	C[30]ATT [12]
	Observation 1: When PUSCH repetition typeB is used as the baseline of OCC across the OFDM symbols, the specification impact can be minimized.
Observation 2: Constraining symbol length of PUSCH repetition typeB can reduce complexity to a certain extent.
Observation 3: The additional specification impact to TBS and resource allocation should be taken into account when TBoMS is used to achieve symbol level OCC.
Proposal 1: Under the constraint of time domain symbol length, PUSCH repetition typeB can be considered as a method of performing OCC across the symbols.
Proposal 2: It is not needed to combine the TBoMS and OCC across the symbols due to signficant complexity and specification impact.
Proposal 3: OCC across 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 5: It is not recommended to use OCC within one OFDM symbol.

	Spreadtrum [14]
	Proposal 1: For PUSCH enhancements via Orthogonal Cover Codes, OCC across slots should be prioritized.
Proposal 2: Code length 8 should be deprioritized.

	Samsung [10]
	Proposal 4: RAN1 strives to avoid having combinations of OCC techniques in Rel-19 NTN.
Proposal 5: RAN1 defers the decision whether to support TBoMS for PUSCH with OCC in Rel-19 NTN.

	Fujitsu 
	Proposal 1: To minimize specification impacts, RAN1 should choose one scheme from inter-slot OCC or inter-symbol OCC in Rel-19.
Proposal 2: At least for inter-slot OCC, OCC length 8 is not needed.
Proposal 3: The combination of TBoMS and inter-slot OCC should be supported, and the length of transmission duration for TBoMS and inter-slot OCC is restricted to avoid the negative impact by timing drift.

	Panasonic [16]
	Observation 2: Inter-symbol time domain OCC 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).
Proposal 1: Intra-symbol pre-DFT-s OCC would be most preferable from UCI, OCC length and intra-slot FH point of view.
Proposal 2: For intra-symbol pre-DFT-s OCC and inter-symbol time domain OCC, to use OCC together with TBoMS should be supported to keep the same TB size and overhead as w/o OCC.

	Google [20]
	Proposal 1: With regard to the performance and PAPR, inter-symbol OCC for PUSCH with Type A repetition is preferred.

	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
e 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 PRB.
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.
Observation 11: The benefit of pre-DFT OCC when the allocated PRB number is larger than one is not clear.
Observation 12: The benefits for supporting time domain OCC with more than 2 PRBs needs more discussion.

	China Telecom [19]
	Proposal 1: Both 1 and 2 RBs should be supported; greater than 2 RBs can be further discussed.
Proposal 2: Inter-slot time domain OCC is slightly preferred when the number of RBs is configured for UE ≥ 2.

	Xiaomi [13]
	Observation 1: Pre-DFT based OCC spreading is not sensitive to UE impairment, doppler shift and delay spread. 
Observation 2: In the case of pre-DFT based OCC spreading, the actual number of coded bits carried in a slot will be reduced compared to the transmission of a single UE with the same number of resources and modulation order.
Observation 3: In the case of inter-symbol(s) OCC spreading for UE multiplexing, the actual number of coded bits carried in a slot will be reduced compared to the transmission of a single UE with the same number of resources and modulation order.
Observation 4: In theory, post-FFT time domain OCC multiplexing is sensitive to the UE impairment and doppler shift. Compare with pre-DFT based OCC spreading, time domain OCC spreading may experience non-negligible performance degradation.
Proposal 1: further study the following two potential solutions with a higher priority for NR-NTN PUSCH capacity enhancements.
· Pre-DFT OCC spreading
· Inter-slot OCC multiplexing

	InterDigital [22]
	Observation 3: Intra-symbol and inter-symbol OCC based PUSCH transmissions involve higher specification impact and effort compared to inter-slot OCC based PUSCH transmissions.
Observation 5: Sub-slot OCC based PUSCH transmissions may result in less parity bits being repeated in each PUSCH repetition.
Proposal 3: OCC design for PUSCH is prioritized for single PRB based PUSCH transmissions.
Proposal 4: Inter-slot OCC is supported for slot based PUSCH repetitions.
Proposal 7: Support OCC based PUSCH transmissions with TBoMS where OCC length is equal to the TBoMS length in number of slots.

	LG [23]
	Observation #1: For OCC within PUSCH (Option 1), specification changes on PUSCH DM-RS may be required to enhance DM-RS multiplexing capacity accordingly.
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 across OFDM symbols (within PUSCH) (Option 1-2), symbol grouping for OCC can be complicated according to DM-RS configuration.
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).
Observation #10: For OCC with PUSCH repetition Type A (Option 2-1), applying OCC across TBoMS repetition(s) may deteriorate the orthogonality of OCC.
Observation #11: For OCC PUSCH repetition Type B (Option 2-2), OCC applicability may be affected by the length/number of actual PUSCH repetition(s).
Proposal #1: 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 #2: In Rel-19 NR NTN, when comparing aggregated throughput with or w/o OCC, consider a comparison based on throughput when using the same transmission resource or throughput per unit resource.
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.
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
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)
· Symbol group for data repetition (e.g., continuous /discontinuous symbols)
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
· TBoMS enhancement
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)

	DoCoMo [17]
	Proposal 1: Support OCC for PUSCH without Type A repetition for (if supported) intra-symbol OCC and (if supported) inter-symbol OCC cases.
Proposal 2: Support OCC for PUSCH with TBoMS.
Proposal 3: Support at least one of following OCC techniques with code length 2 or 4:
· Inter-slot time-domain OCC with PUSCH repetition Type A and/or TBoMS
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
Proposal 4: Support combinations of OCC techniques e.g., with code length 8 if more than one OCC schemes are introduced.
Proposal 5: For PUSCH inter-slot time-domain OCC, the inter-slot OCC is assigned to repetitions as follows:
· If OCC length = repetition factor, each repetition is assigned with one bit OCC
· If OCC length < repetition factor, study the mapping of the OCC bits and repetitions
· E.g., for OCC length = 4 and repetition=8, the mapping of the OCC bits can be [w_0 w_1 w_2 w_3 w_0 w_1 w_2 w_3], or [w_0 w_0 w_1 w_1 w_2 w_2 w_3 w_3]
· The slots which are associated with one OCC sequence (i.e., [w_0 w_1 w_2 w_3] ) are assigned with same RV.
Proposal 6: For inter-slot time-domain OCC with TBoMS, discuss how to assign OCC sequence.
Proposal 8: For PUSCH with intra-symbol pre-DFT OCC, a code of an OCC sequence (e.g., +1 or -1) is assigned within a PRB and assigned for each set of subcarriers which consists of 6 or 3 subcarriers.

	NICT [25]
	Observation 1: The OCC across OFDM symbols and OCC within an OFDM symbol (pre-DFT OCC) involve significant changes to the specifications, while the OCC scheme across slots requires fewer modifications.

	TCL [26]
	Proposal 3: The mapping rule for PUSCH with OCC should be studied. 
Proposal 5: For the scheme of OCC across symbols, the number of symbols after OCC spreading should be clarified.
Proposal 6: For the scheme of OCC across symbols, it is necessary to study whether to support Type B PUSCH with OCC.
Proposal 7: TBoMS for PUSCH with OCC can be studied for the enhancement of uplink performance.

	Langbo [24]
	

	Lenovo [15]
	Proposal 2: RAN1 to support the inter-slot OCC (OCC across slots) with fixed redundancy version and short 
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 is considerably high.er length codes.
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.



In RAN1#116bis, the following agreement was made
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

Backward compatibility:
Ericsson [2] observed that for inter-slot OCC and inter-symbol(s) OCC, one of the OCC multiplexed UEs can potentially be a UE without Rel-19 OCC capability. However, this is not possible for intra-symbol OCC.

PUSCH repetition Type B for inter-symbol OCC:
Several companies mentioned PUSCH repetition typeB can be considered as a method of performing OCC across the symbols. Lenovo discussed interlaced mapping and group mapping. To our understanding, the group mapping way is inter-symbol(s) OCC with symbol cluster and can be seen as PUSCH repetition type B with SLIV indicating the symbol position S and the number of symbols L (S=2 and L=2 in the example below)
[image: ]
Lenovo [15] Figure 2: Intra-slot symbol mapping for OCC application
TBoMS:
Huawei, ZTE, OPPO, Sharp, DoCoMo discussed Transport Block over Multiple Slots (TBoMS). It is understanding of several companies that it may be necessary to use all the symbols within a slot with inter-symbol(s) OCC or intra-symbol pre-deft-s OCC to avoid TBS restriction due to bandwidth limitation. Several companies discussed that TBoMS (i.e., mapping one TB over multiple slots) needs to be used with inter-symbol(s) OCC or intra-symbol pre-deft-s OCC to avoid too high effective code rate. T
CATT mentioned it is not needed to combine the TBoMS and OCC across the symbols due to signficant complexity and specification impact. 
Samsung want to defers the decision whether to support TBoMS for PUSCH with OCC in Rel-19 NTN. 
DoCoMo discussed Option 1 and Option 2 for TBoMS mapping with OCC:
· Option 1: no additional specification impact, design complexity. BLER performance degraded compared to repetition
· Option 2: avoid BLER performance degradation compared to repetition case
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DoCoMo [17] Fig2. Example of mapping of inter-slot OCC in case of TBoMS
Bandwidth expansion:
Nokia [6] discussed intra-symbol pre-deft-s OCC 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. Similar observations for inter-symbol OCC (operating intra-slot),
CMCC [18] observed that 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. TBoMS does not support sub-PRB transmission is supported (but sub-PRB should be further discussed and clarified).

Number of PRBs with OCC:
Qualcomm [9] discussed the addition of OCC to the encoding chain of PUSCH is a non-trivial modification (from implementation point of view). Having to perform OCC “at the envelope” (i.e., without limiting the number of PRBs, modulation order, etc.) would require to overdimension the UE hardware and processing to accommodate spreading + OCC with very large allocations, or to have to run the hardware at higher clock rates (with the corresponding increasing power consumption) to meet the timeline requirements. OCC schemes can only be applied when the number of allocated PRBs is 1.
CMCC [18], LG [23] observed the benefits for supporting time domain OCC with more than 2 PRBs needs more discussion. InterDigital [22] proposed OCC design for PUSCH is prioritized for single PRB based PUSCH transmissions, China Telcom [19] proposed 1 PRB and 2PRBs, and greater than 2 PRBs can be considered.

Robustness to timing drift 
There is understanding that intra-symbol OCC provides is insensitive to timing drift (i.e. Doppler shift) as repetition are done pre-DFT in frequency domain. Several companies share understanding that inter-symbol(s) OCC over several continuous symbols is reasonably robust to timing drift since it can be relatively quite small. More significant impact of timing drift can be expected for inter-slot OCC. 
     
PAPR for OCC:
DoCoMo [17] proposed for PAPR performance, inter-symbol OCC for PUSCH with Type A repetition is preferred.

Moderator summary and view on mapping of OCC schemes:
On down scoping of OCC schemes, there is no consensus emerging based on companies contributions. 
· Inter-slot time-domain OCC with PUSCH repetition Type A: ZTE, Nokia, Apple, MTK, OPPO, Vivo, InterDigital, China Telecom, Lenovo
· Inter-symbol(s) time domain OCC: CATT, MTK (w/ PUSCH repetition Type B), QC (w/ occ length =2), CATT (non-continuous symbol), OPPO, Lenovo 
· Intra-symbol pre-DFT-s OCC: QC (with occ length up to 8), OPPO, Vivo
· Combination of inter-symbol and intra-symbol: QC (up to 8)
· TBoMS for OCC techniques: QC (at least for case of PUSCH with repetitions), InterDigital, DoCoMo, Fujitsu (for inter-slot OCC), Panasonic (for intra-symbol pre-DFT-s OCC and inter-symbol time domain OCC to keep the same TB size and overhead as w/o OCC)

Based on analysis from contributing companies, the following observations can be made:
· Inter-slot OCC, inter-symbol(s) OCC and intra-symbol OCC should be used when repetitions are necessary in typically low SNR conditions, with several repetitions at least equal to OCC length. 
· Scheduling PUSCH with 1 PRB minimizes necessary repetitions, while scheduling PUSCH with > 1 PRB may enable scheduling of larger TBS with lower effective code rate for gNB scheduler optimization.
· Inter-slot OCC impact on specification may be relatively lowest compared to other OCC inter-symbol(s) and intra-symbol OCC, may have acceptable performance against timing drift and can be backward compatible with non-Rel19 UEs. 
· Inter-symbol(s) OCC may be compromise on impact on specifications if implemented using PUSCH repetition Type B and has robustness to timing drift with suitable configurations of cluster of symbols.
· Intra-slot(s) OCC impact on specification is relatively higher with best performance against timing drift.
· Support of TBoMS may allow some optimization for inter-slot OCC, inter-symbol(s) OCC, and intra-symbol OCC and can be further studied.    

On combinations of OCC techniques, it would be preferable to clarify down selection of OCC options first if possible in this meeting before the working item phase starts after RAN#104. It would also help discussions on signalling aspects and specifications of the feature if some down-selection of OCC schemes can be done in this meeting.  

2.2 First Round Discussion
Initial proposal 2-1: RAN1 made observation on mapping of OCC schemes:
· Inter-slot OCC, inter-symbol(s) OCC and intra-symbol OCC should be used when repetitions are necessary in typically low SNR conditions, with several repetitions at least equal to OCC length. 
· Scheduling PUSCH with 1 PRB minimizes necessary repetitions, while scheduling PUSCH with > 1 PRB may enable scheduling of larger TBS with lower effective code rate for gNB scheduler optimization.
· Inter-slot OCC impact on specification may be relatively lowest compared to other OCC inter-symbol(s) and intra-symbol OCC, may have acceptable performance against timing drift and can be backward compatible with non-Rel19 UEs. 
· Inter-symbol(s) OCC may be compromise on impact on specifications if implemented using PUSCH repetition Type B and has robustness to timing drift with suitable configurations of cluster of symbols.
· Intra-slot(s) OCC impact on specification is relatively higher with best performance against timing drift.
· Support of TBoMS may allow some optimization for inter-slot OCC, inter-symbol(s) OCC, and intra-symbol OCC and can be further studied.    

[bookmark: _Hlk167008194]FL Recommendation 2-2: Companies are encouraged to input their 1st preference, 2nd preference and 3rd preference, for OCC techniques in table below, and whether they would want RAN1 to consider combinations of OCC techniques. Separate comments on the companies preferences can be made in the comment table further below.

	Table to indicate companies preferences on OCC technique options OCC_A, OCC_B, and OCC_C:
· Option A: Inter-slot time-domain OCC with PUSCH repetition Type A 
· Option B: Inter-symbol(s) time domain OCC 
· Option C: Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)

	Company
	1st preference
	2nd preference
	3rd preference
	Combination

	Qualcomm
	C
	B
	
	C+B

	LGE
	A
	C
	B
	

	NTT DOCOMO
	A
	C
	B
	

	Nokia
	A
	
	
	No

	Panasonic
	C
	A
	B
	

	OPPO
	A
	C
	
	A+C

	Huawei, HiSilicon
	A
	B (with repetition type B)
	
	No

	ZTE
	A
	B (with repetition type B)
	
	No

	Fujitsu
	A
	B
	C
	No

	Ericsson
	A
	B
	C
	

	
	
	
	
	

	Moderator summary
	8 Companies A
2 Companies C
	5 Companies B
3 Companies C
1 Companies A
	3 Companies B
2 Companies c
	4 Companies No
1 Companies A+C
1 Companies C+B 


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Companies are encouraged to provide further comments in the comment table below as needed:
	Companies
	Comments

	Qualcomm
	On proposal 2-1:
· Inter-slot OCC, inter-symbol(s) OCC and intra-symbol OCC should be used when repetitions are necessary in typically low SNR conditions, with several repetitions at least equal to OCC length. 
· This is only true for slot-level OCC. For inter-symbol and intra-symbol, we could have OCC length exceeding the repetitions.
· Scheduling PUSCH with 1 PRB minimizes necessary repetitions, while scheduling PUSCH with > 1 PRB may enable scheduling of larger TBS with lower effective code rate for gNB scheduler optimization.
· This is not necessarily true. At low SNRs, and for the same TBS, scheduling 1 PRB or more than 1 PRB would have the same performance and therefore would require the same number of repetitions.
· Inter-slot OCC impact on specification may be relatively lowest compared to other OCC inter-symbol(s) and intra-symbol OCC, may have acceptable performance against timing drift and can be backward compatible with non-Rel19 UEs. 
· Inter-symbol(s) OCC may be compromise on impact on specifications if implemented using PUSCH repetition Type B and has robustness to timing drift with suitable configurations of cluster of symbols.
· Intra-slot(s) OCC impact on specification is relatively higher with best performance against timing drift.
· We do not agree with any of these observations. Aspects such as dropping, FH or OCC multiplexing would be more severe with inter-slot OCC than with other techniques. Once again, we think the limiting factor is not the timing drift but the CFO


	NTT DOCOMO
	In our understanding, inter-symbol(s) OCC has larger specification impact and design complexity compares to intra-symbol OCC. 

	Nokia
	Initial proposal 2-1:
First bullet: Also mention that it would be preferable that the number of repetitions is an integer multiple of the OCC length.
Sixth (last) bullet: mention that “UE feature requirements” will scale accordingly if TBoMS is included as an option for application of OCC.

	OPPO
	On Proposal 2-1, we are fine with the last bullet.

	Apple
	Proposal 2-1: The first bullet is only applicable to inter-slot OCC. We could have inter-symbol or intra-symbol OCC without PUSCH repetition. 

	ZTE
	For Proposal 2-1, we suggest the following changes:
· Inter-slot OCC, inter-symbol(s) OCC and intra-symbol OCC should beare used when repetitions are necessaryconfigured in typically low SNR conditions, with several repetitions at least equal to OCC length. 
· Scheduling PUSCH with 1 PRB minimizes necessary repetitions, while scheduling PUSCH with > 1 PRB may enable scheduling of larger TBS with lower effective code rate for gNB scheduler optimization.
· Inter-slot OCC impact on specification may beis relatively lowest compared to other OCC inter-symbol(s) and intra-symbol OCC, mayand have acceptable performance against timing driftFO and can beis backward compatible with non-Rel19 UEs. 
· Inter-symbol(s) OCC may be compromise on impact on specifications if implemented using PUSCH repetition Type B and has robustness to timing drift FO with suitable configurations of cluster of symbols.
· Intra-slotsymbol(s) OCC impact on specification is relatively higher with robustness to FO best performance against timing drift.
· Support of TBoMS may allow some optimizationis mandatory to be combined with for inter-slot OCC, inter-symbol(s) OCC and intra-symbol OCC and can be further studied, but is not necessary to be combined with inter-slot OCC.    


	Ericsson
	Proposal 2-1:
Third bullet: In addition to timing drift, CFO should also be mentioned.
Fourth bullet: In addition to timing drift, CFO should also be mentioned. Backward compatibility is possible also in this case.
Fifth bullet: We believe “Intra-slot(s)” is a typo and should be changed to “Intra-symbol”. In addition to timing drift, CFO should also be mentioned.
Sixth bullet: We do not think TBoMS combined with inter-slot OCC is a feasible solution.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.3 Summary of First Round Discussion
TBA

2.4 Conclusion
TBA



5 [bookmark: _Hlk164088134][bookmark: _Hlk159594636][ACTIVE] Signalling aspects of PUSCH with OCC

3.1 Company contributing views
	Contribution
	Observation/Proposals

	Ericsson [2]
	TBS calculation / Rate matching
Observation 7: OCC within an OFDM symbol requires updates of the TBS/rate matching design while OCC across slots or OFDM symbols do not.
Observation 8: TBoMS can only help OCC within an OFDM symbol to keep a low MCS.
PDCCH Capacity for OCC:
Observation 18: The PDCCH capacity might be a bottleneck limiting the possibility to grant a high number of UEs UL resources for OCC-based PUSCH transmissions.
Proposal 6: RAN1 should study DCI enhancements facilitating efficient scheduling of OCC-based PUSCH transmissions. For instance, a DCI granting a group of UEs simultaneous OCC-based transmission on the same time-frequency resources can be considered.

	Huawei [5]
	TBS calculation / Rate matching
Observation 4: TBS determination procedure in clause 6.1.4.2 of TS38.214 can be reused for inter-slot time domain OCC with repetition type A. The number of available RE per slot (NRE) for TB size determination should be scaled down by occ-length for inter-symbol(s) time domain OCC and intra-symbol pre-DFT OCC.
Observation 5: 
· For inter slot time domain OCC, UCI should be multiplexed on every slot of the time span of an OCC sequence. 
· For inter symbol(s) time domain OCC, the DFT-S-OFDM symbols used to multiplex UCI should be aligned with the time span of an OCC sequence within a slot. 
· For intra symbol pre-DFT OCC, existing RE mapping for UCI multiplexing can be reused. 
UCI multiplexing
Observation 6: When multiplexing UCI on PUSCH, the calculation of the number of symbols for HARQ-ACK transmission, CSI part 1 transmission and CSI part 2 transmission can be reused for inter-slot time domain OCC. Whereas the number of REs that can be used for transmission of UCI should be scaled by occ-length for inter-symbol(s) OCC and intra-symbol pre-DFT OCC.
RV cycling across repetitions
Observation 7: RV cycling period should be aligned with the span of an OCC sequence for inter-repetition OCC. Legacy RV cycling can be reused for inter-symbol(s) and intra-symbol OCC.
Frequency hopping, e.g. intra /inter slot
Observation 8: 
· For inter slot time domain OCC, the interval of frequency hopping for inter-slot frequency hopping should be extended to every OCC-length slots. Intra slot frequency hopping should be avoided. 
· For inter symbols time domain OCC, the span of OCC sequence should be within a hop of intra slot frequency hopping. Inter slot frequency hopping can be reused.  
· For intra symbol pre-DFT OCC, both intra-slot and inter-slot frequency hopping can be used without change.
Power control
Observation 9: For inter slot time domain OCC, the existing BPRE of the PUSCH power control can be reused. For inter symbol and intra symbol OCC, the number of resource elements calculating BPRE for PUSCH power control should be the total resource elements with OCC.
OCC indication/configuration
Observation 10: For PUSCH transmission corresponding to the configured grant type 1, OCC-related parameters, such as occ-Index and occ-Length, can be configured within configuredGrantConfig.
Observation 11: For PUSCH transmission corresponding to the configured grant type 2, OCC-related parameters, such as occ-Index and occ-Length, can be included in the activation DCI, or configured within configuredGrantConfig/pusch-config.
Observation 12: For dynamic-granted based PUSCH transmission, the OCC-related parameters can be included in a DCI and configured by higher layer.
OCC sequences:
Observation 13. The OCC sequences can be constructed such that orthogonal multiplexing is possible between OCCs of different lengths.

	Nokia [6]
	TBS calculation / Rate matching
Observation 4: No adaptation of the TBS determination or rate matching procedure is necessary in the case of OCC applied to PUSCH repetitions Type A.
Proposal 5: In the case intra-symbol OCC is supported, RAN1 to consider scaling the parameters related to rate matching by the applied OCC size.
UCI multiplexing
Proposal 6: 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.
RV cycling across repetitions
Proposal 7: RAN1 to introduce RV grouping to allow application of OCC across PUSCH repetitions.
Frequency hopping, e.g. intra /inter slot
Observation 5: In the case of inter-symbol and inter-slot (i.e. PUSCH repetitions Type A) OCC, frequency hopping might impair applicability of OCC.
Proposal 8: Discuss extension of the inter-slot frequency hopping with inter-slot bundling for PUSCH feature in case of PUSCH repetitions Type A with OCC.
OCC indication/configuration
Observation 6: Signaling and indication of both UE’s capability and OCC configuration and indication need to be further discussed in RAN1.
Proposal 9: RAN1 to investigate the balanced application of semi-static RRC and dynamic DCI signaling. This signaling will determine whether a UE should employ OCC for its uplink data transmission, and if so what is the OCC characteristics.
Proposal 10: Dynamic DCI signalling might feature an index that specifies to the UE the position of OCC application in relation to the first PUSCH transmission. 
Power control
Proposal 12: In case intra-slot OCC is supported, RAN1 to adapt the power control determination when OCC is enabled to consider the size of the applied OCC.
Alignment of OCC codes 
Observation 7: It is crucial that the codes used for OCC are aligned to maintain orthogonality between the UEs using the same physical resources.
Proposal 11: RAN1 to introduce OCC timing to align the time (i.e. repetitions) of OCC application among UEs scheduled on the same physical resources.

	Qualcomm [9]
	OCC indication/configuration
Proposal 4: For DG-PUSCH:
· The OCC feature is enabled/disabled by RRC.
· FFS: Details (e.g. parameters to be configured)
· The OCC codeword is indicated dynamically in DCI.
· FFS: Details (e.g. whether explicit or implicit)

Other signalling aspects
Proposal 5: Other aspects (rate matching / TB calculation / FH / etc.) are postponed until RAN1 concludes on the specific OCC scheme(s) to be specified.

	Apple [8]
	OCC Sequences:
Proposal 1: RAN1 is to determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.
TBS calculation / Rate matching
Observation 1: The inter-slot time-domain OCC with PUSCH repetition Type A does not have specification impact on TBS calculation and resource mapping but has specification impact on UCI multiplexing and RV cycling across repetitions.
Observation 2: The inter-symbol(s) time-domain OCC has specification impact on TBS calculation, resource mapping, but does not have specification impact on UCI multiplexing and RV cycling across repetitions. 
Proposal 3: For inter-symbol(s) time domain 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 4: For intra-symbol pre-DFT-s OCC, study the block size of OCC spreading.
Observation 3: The intra-symbol pre-DFT-s OCC has specification impact on TBS calculation, resource mapping, but does not have specification impact on UCI multiplexing and RV cycling across repetitions.
RV cycling across repetitions 
Proposal 2: For inter-slot time-domain OCC with PUSCH repetition Type A, 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 length. 
· FFS: ordering between OCC cycling and RV cycling
OCC indication/configuration
Proposal 5: For PUSCH enhancement via OCC spreading, RAN1 to consider dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH.
Proposal 6: The contents of OCC related information include OCC length and OCC sequence index. RAN1 to study the signaling to support PUSCH with OCC spreading.

	CATT [12]
	TBS calculation / Rate matching
Observation 3: The additional specification impact to TBS and resource allocation should be taken into account when TBoMS is used to achieve symbol level OCC. 
Observation 7: The change of TBS calculation is needed when OCC within one OFDM symbol is used.
UCI multiplexing
Observation 8: The change of UCI multiplexing is needed when OCC across the slots is used.
RV cycling across repetitions 
Observation 9: Further simulation is needed to determine whether RV cycling across repetitions and frequency hopping are necessary.
OCC indication/configuration
Proposal 6: For OCC indication/configuration, at least RRC configuration is supported.

	MediaTek [11]
	TBS calculation / Rate matching
Observation 4: TBS calculation / Rate matching can be re-used with minimum impact on specifications for Inter-slot time-domain OCC with PUSCH repetition Type A and Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B
Observation 5: TBS calculation and Rate Matching (RM) for Frequency Domain pre-DFT OCC (comb-structure) within symbol will require some discussions in RAN1 since (i) Using legacy rules for TBS calculation and RM is inefficient and has likely performance loss (each slot will lose half of the coded bits); (ii) New rules to consider TBS and Rate Matching design for OCC has high impact on specifications.
UCI multiplexing
Proposal 4: For the UCI multiplexing with OCC, RAN1 can discussed CSI is reported in first actual repetition of PUSCH and repeated for the subsequent PUSCH repetitions.
RV cycling across repetitions 
[bookmark: _Hlk165640267]Proposal 5: Support PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and use RV cycling across OCC blocks for Inter-slot time-domain OCC with PUSCH repetition Type A and Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B)
Frequency hopping, e.g. intra /inter slot
Proposal 6: The interval of frequency hopping for inter-slot frequency hopping is extended to every OCC block length (i.e. OCC-length slots) for Inter-slot time-domain OCC with PUSCH repetition Type A.
OCC indication/configuration
Proposal 7: RAN1 should first conclude on down-selection of potential OCC techniques before discussing OCC indication/configuration.

	OPPO [7]
	Proposal 2: Reuse legacy table for OCC sequence with length 2 or 4.
TBS calculation / Rate matching
Proposal 3: The available RE number for TBS determination should be scaled by the OCC length for inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC.
RV cycling across repetitions 
Proposal 5: The PUSCHs in a same OCC group should be associated with a same RV value for inter-slot time-domain OCC.
Proposal 5: The PUSCHs in a same OCC group should be associated with a same RV value for inter-slot time-domain OCC.
UCI multiplexing
Proposal 7: If PUSCH and PUCCH are overlapped in time domain, UCI is multiplexed on PUSCH with the same OCC scheme and OCC sequence as PUSCH.
OCC indication/configuration
Proposal 6: The following information should be provided to UE for PUSCH with OCC:
· Enable/disable of PUSCH with OCC
· OCC scheme 
· OCC table and OCC length
· OCC index and/or the association between OCC index and DMRS port

	Spreadtrum [14]
	TBS calculation / Rate matching
Observation 2: For inter-slot time-domain OCC, there is no change on TBS calculation/Rate matching.
RV cycling across repetitions 
Proposal 4: PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block should be supported.
UCI multiplexing
Observation 3: For inter-slot time-domain OCC with PUSCH repetition Type A, the UCI multiplexed on a slot/repetition should be repeated across the slots/repetitions and multiplied with the same OCC sequence.
Frequency hopping, e.g. intra /inter slot
Observation 4: For inter-slot time-domain OCC with PUSCH repetition Type A, since the phase continuity may not be guaranteed after frequency hopping, OCC spreading should be restricted within a hop.
OCC indication/configuration
Proposal 5: 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 6: For configured grant type 1, the OCC used for PUSCH transmission can be configured through RRC.
Proposal 7: 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.
Observation 5: UE grouping for OCC based PUSCH transmission in RRC connected state can be implemented based on the network.
OCC Sequences:
Proposal 3: The sequence design for PUCCH format 1 can be used as baseline OCC sequence for PUSCH transmission.

	Samsung [10]
	Observation 1: Inter-slot time-domain OCC with PUSCH repetition Type A may have the least specification impact(s).
Observation 2: Inter-symbol(s) time domain OCC may have the most specification impact(s).

	Panasonic [16]
	UCI multiplexing
Observation 1: Inter-slot time domain OCC would have a problem on UCI transmission because UCI is transmitted only in the first slot of the repetition.

	DOCoMo [17]
	UCI multiplexing
Proposal 7: For UCI multiplexing of PUSCH with inter-slot time-domain OCC, UCI is multiplexed on the PUSCH in the overlapped slot and spread to PUSCH with the same set of OCC code as overlapped slot.
TBS calculation / Rate matching
Proposal 9: For PUSCH with intra-symbol pre-DFT OCC, in TBS determination and UCI multiplexing,  is replaced by , where M is OCC length. 
· Data and (if any) UCI are mapped to the first set of  subcarriers, and then block-wise spreading is performed for the remaining set(s).
OCC Sequences:
Proposal 10: Legacy sequences (i.e., Walsh sequences and DFT sequence as defined in TS38.211) are used as baseline for generating OCC for PUSCH.
OCC indication/configuration
Proposal 11: Study whether the indication of OCC related parameters, e.g., OCC length, OCC index, is performed in a semi-static manner or in a dynamic manner.

	Google [20]
	Proposal 2: Consider the following spec impact for different OCC techniques
	
	Intra-symbol OCC
	Inter-symbol OCC
	Inter-slot OCC

	TBS calculation and rate matching
	Number of REs scaled by the OCC length
	Number of REs scaled by the OCC length
REs on the orphan symbols should be “not available” for rate matching
	REs on the orphan slots should be “not available” for rate matching

	UCI multiplexing
	Number of REs for UCI scaled by the OCC length
	Number of REs for UCI scaled by the OCC length
	UCI should be transmitted at least in the consecutive 2 or 4 slots corresponding to an OCC group

	RV
	No spec impact could be required
	No spec impact could be required
	RV should be the same for the consecutive 2 or 4 slots corresponding to an OCC group

	Frequency hopping
	No spec impact could be required
	OCC should be applied to symbols within a hop 
	No spec impact could be required

	OCC indication/configuration
	OCC Could be based on the uplink grant
Intra-symbol OCC hopping to reduce the PAPR
	OCC Could be based on the uplink grant
Inter-symbol OCC hopping for interference randomization
	OCC Could be based on the uplink grant
Inter-slot OCC hopping for interference randomization

	Power control
	BPRE calculation should consider the OCC length
	BPRE calculation should consider the OCC length
	Maintain the same transmission power for the repetitions corresponding to an OCC group




	CMCC [18]
	UCI multiplexing
Observation 10: 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 normative phase the potential enhancements for the cases of PUSCH repetition dropping and the UCI multiplexing when the time domain-based OCC enhancements are applied.
OCC indication/configuration
Proposal 8: The OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s) can be discussed in the normative phase.
Observation 9: The UE grouping for OCC based PUSCH transmission to prevent near-far problem is an implementation issue.
Frequency hopping, e.g. intra /inter slot
Proposal 10: It should be further studied whether to support the frequency hopping in the NTN scenario and with the OCC multiplexing in the time domain. 

	Sharp [29]
	TBS calculation / Rate matching
Proposal 1: Study the following options for intra-symbol pre-DFT OCC.
1. Scale down the TBS based on the OCC length
2. Change the starting position in the virtual circular buffer for each PUSCH repetition (like TBoMS)
Proposal 5: Scale down the TBS by the OCC length for inter-symbol OCC.
Observation 1: TBS scaling is not necessary for inter-symbol OCC.
UCI multiplexing
Proposal 2: For UCI multiplexing, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for intra-symbol pre-DFT OCC when TBS scaling is applied.
Proposal 4: Further study the impact of UCI multiplexing which leads to a risk of not transmitting systematic bits for intra-symbol pre-DFT OCC when TBoMS-like rate matching is performed.
Proposal 8: For HARQ-ACK multiplexing, study how to determine the first OFDM symbol after the front-loaded DMRS for inter-symbol OCC.
Observation 2: New UCI multiplexing timeline needs to be introduced for inter-slot OCC.
RV Cycling
Proposal 10: Support new RV cycling schemes in cross-slot basis for inter-slot OCC.
Power Control:
Proposal 3: For power control, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for intra-symbol pre-DFT OCC when TBS scaling is applied.
Proposal 6: For UCI multiplexing, the total number of resource elements for a PUSCH in a slot  should be scaled by the OCC length for inter-symbol OCC.
Others:
Proposal 11: Support OCC for single slot PUSCH without repetition.

	InterDigital [22]
	UCI multiplexing
Observation 4: Re-defining the UCI multiplexing rules for OCC based PUSCH transmissions may involve significant complexity and specification effort.
Proposal 1: Uplink capacity enhancements are supported for both dynamic grant and configured grant types of uplink transmissions.
Proposal 6: UCI is transmitted via higher layer signalling when UCI overlaps with an OCC based PUSCH transmission.
OCC indication/configuration
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.
Others
Proposal 5: Support UE based de-activation of HARQ feedback for OCC based PUSCH transmissions. 


	China Telecom [19]
	UCI multiplexing
Proposal 3: At least the following two solutions can be considered to solve the UCI multiplexing issue
· Potential Solution 1: repeat UCI messages in all slots using inter-slot time domain OCC.
· Potential Solution 2: pre-reserving UCI resources in other slots.
RV Cycling
Proposal 4: RAN1 support using a fixed RV number for repetitions in inter-slot time domain OCC.

	Fujitsu [30]
	Proposal 4: For inter-slot OCC, PUSCH transmission with frequency hopping is restricted in subcarrier close to DC subcarrier.

	NICT [24]
	RV Cycling
Proposal 1: When discussing the scheme of OCC across slots, RAN1 should clarify the cyclic configuration of RV and the allocation method for OCC.
OCC indication/configuration
Proposal 2: To further enhance capacity and throughput, RAN1 may consider modifying the DCI to enable advanced TPC, which could facilitate the implementation of PD-NOMA.

	TCL [26]
	OCC indication/configuration
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.
RV Cycling
Proposal 4: For the PUSCH with OCC, the RV cycling period can be modified according to the length of the OCC sequence. 
OCC Sequences:
Proposal 8: Both Walsh sequences and DFT sequences can be considered for PUSCH with OCC.

	LG [23]
	UCI multiplexing
Observation #6: For OCC across OFDM symbols (within PUSCH) (Option 1-2), OCC orthogonality and data/UCI mapping may be affected by how to determine the symbol group where the same data symbol is repeated.
Proposal #8: In Rel-19 NR NTN, study UCI multiplexing rules for PUSCH with OCC that supports the orthogonality of OCC while preserving the existing principles as much as possible.
OCC indication/configuration
Observation #5: 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 #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: OCC schemes should be studied by considering legacy dynamic grant and configured grant-based resource allocation procedures as baseline.




In RAN1#116bis, the following agreement was made
RAN1 to at least further study the potential specification aspects on OCC techniques:
· [bookmark: _Hlk166752187]TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects


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











Spreadtrum [14] Figure: PUSCH scheduling in NR
TBS calculation / Rate matching:
Ericsson [2] discussed the legacy rules for TBS calculation are based on following equation: . Then in the rate matching,  coded bits will be taken out from the circular buffer. In OCC within an OFDM symbol, the modulation symbols need to be spread several times., This will result in that not all the modulation symbols can be mapped to the resources, which implies that parts of coded bits will be dropped. The characteristics of LDPC encoding will be destroyed, causing decoding failure at the receiver. In order to avoid this, when calculating TBS and rate matching, the TBS and number of coded bits from circular buffer need to be divided by the spreading factor, where TBS calculation is modified as  and  coded bits taken out from the buffer. After this, to keep the same throughput, OCC within an OFDM symbol needs to use a higher MCS, split the TB into smaller TBs or enable TBoMS to increase .
Apple [8], DoCoMo [17] discussed that for inter-symbol(s) time domain OCC, the number of OFDM symbols after OCC spreading may scale with OCC length, but the handling of orphan PUSCH symbols under OCC spreading need to be further discussed.
[image: ]
Ericsson [2]  Figure 5: Rate-matching options for OCC within an OFDM symbol.
Options for Frequency hopping are summarized in Table below
UCI Multiplexing:
[image: ]
[bookmark: _Hlk166759581]Nokia [6] UCI multiplexing in all the slots of an OCC period w/ scaling down UCI resources

[image: ]
Nokia [6] Postponing the UCI multiplexing to the next OCC period
Vivo [27] discussed if PUSCH with UCI can apply OCC, for inter-symbol OCC the HARQ-ACK bits may not be located immediately after the first DMRS symbol after repetition; for Intra-symbol OCC, the UCI and multiplexed data in a slot may need to apply the intra-symbol OCC jointly. 
InterDogital [22] proposed UCI is transmitted via higher layer signalling when UCI overlaps with an OCC based PUSCH transmission. 
Options for UCI multiplexing are summarized in Table below

RV cycling:
For the transmission of PUSCH with dynamic grant or uplink grant received in a MAC RAR, the sequence of redundancy versions (RVs) is determined in clause 6.1.2.1 of TS38.214. For the transmission of PUSCH with configured grant, the sequence of RVs is determined in clause 6.1.2.3 of TS38.214. Legacy RV cycling can be reused for inter-symbol(s) OCC and intra-symbol OCC. 
Options for RV cycling are summarized in Table below

Frequency hopping:
Options for Frequency hopping are summarized in Table below

Power Control:
Huawei [5], Nokia [6] discussed power control in the specifications(TS 38.213 Clause 2.4.5 Power Control). For inter slot time domain OCC, re-use existing BPRE of the PUSCH power control (no change). 
Options for Power control are summarized in Table below

OCC indication/configuration:
Several companies indicated they want to wait for RAN1 to first conclude on down-selection of potential OCC techniques before discussing OCC indication/configuration.
OPPO [7] discussed what should be provided to UE for PUSCH with OCC
· Enable/disable of PUSCH with OCC
· OCC scheme 
· OCC table and OCC length
· OCC index and/or the association between OCC index and DMRS port
Nokia [6] proposed an index in DCI to indicate the position of OCC application in relation to the first PUSCH transmission.

[image: ]
Nokia [6] Figure 5 DCI field to indicate the OCC position with respect to PUSCH first transmission
Options for OCC indication/configuration are summarized in Table below

Alignment of OCC codes of multiplexed UEs:
Nokia [6] proposed when applying OCC in the time domain, the codes used for the OCC need to be aligned to each other for ensuring that the orthogonality properties are preserved.

[image: ]
Nokia [6] Figure 6. Illustration of UL transmissions using alignment of applied OCC to system defined OCC timing.

UE Grouping:
Several companies discuss UE grouping. This issue seems related to OCC alignment

PDCCH Capacity for OCC
Ericsson [2] discussed an example an example a total frequency allocation of 24 PRBs and up to four UEs scheduled in each PRB to perform OCC-based uplink transmissions across four slots. When the PUSCH UL capacity is increased by means of OCC, the need for PDCCH signaling to send UL grant to the UEs also increases. When dynamic (DCI-based) scheduling is used, each UE needs to be granted permission to transmit in its uplink resources in a DCI transmitted on PDCCH in downlink. In time domain, a CORESET can span up to three OFDM symbols. The minimum resource unit is one CCE consisting of six REGs, where one REG is 1 OFDM symbol x 1 PRB. In 24 PRBs, up to 12 CCEs can be transmitted in one CORESET. With aggregation level one, one DCI can be transmitted in one CCE. To schedule 96 UEs, eight CORESET instances would be needed, which would consume 43% of the DL resources across 24 PRBs and four DL slots and therefore severely reduce the capacity of DL user data on PDSCH. Assuming e.g. aggregation level four, only three UEs can be given UL grant per CORESET instance. To schedule 96 UEs, 32 CORESET instances would be needed, which exceeds the available DL resources across four DL slots.

OCC sequence:
Huawei [5] discussed that OCC sequences can be constructed such that orthogonal multiplexing is possible between OCCs of different lengths.
Apple [8] propose RAN1 determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.

Summary of Options for Signalling aspects:

	Options for Signalling Aspects

	TBS determination
	· Option A: Scale allocated length of PUSCH  by OCC length
· Option B: Scale allocated length of PUSCH  by OCC length, where  is the number slots allocated for TBoMS.

	UCI multiplexing
	· Options A: Expand UCI multiplexing in all the slots of an OCC period with re-used UCI RE mapping 
· Option B: Expand UCI multiplexing in all the slots of an OCC period w/ scaling down UCI RE mapping resources
· Option C: dropping or postponing the UCI based on UE processing time feasibility
· Option D: UCI is transmitted via higher layer signalling when UCI overlaps with an OCC based PUSCH transmission.

	RV cycling
	· Option A: Repetitions spread with same OCC sequence having same RV, (w/ RV cycling period should be aligned with the time span of the OCC sequence for inter-slot OCC)
· Option B: RV grouping to allow application of OCC across PUSCH repetitions (w/ different RV across RV groups)
· Option C: Pause RV cycling in PUSCH repetitions
Option A and Option B are identical if RV numbers are changes based on RV cycling as in the specifications.

	Frequency hopping
	· Option A: Hopping interval of inter-slot FH is extended to X slot, where X=OCC-length. 
· Option B: Intra slot frequency hopping is disabled
· Option C: OCC spreading is restricted within a hop for intra slot frequency hopping.

	Power control
	· Option A: Number REs to calculate BPRE for PUSCH PC is total REs with OCC

	OCC indication/configuration
	· RRC configuration: Configured within configuredGrantConfig/ pusch-config
· DCI indication Option A: OCC parameters indication
· DCI indication Option B: index in DCI to indicate the position of OCC application in relation to the first PUSCH transmission.




Summary of signalling aspects for OCC schemes:

	OCC scheme
	Inter-repetition OCC
	Inter-symbol(s) OCC
	Intra-symbol OCC

	Time to perform Block spreading
	After transform precoding
	After transform precoding
	Before transform precoding

	Scheduling flexibility
	No restriction: Huawei, Nokia,  MTK
	TBS Option A: Huawei, Nokia
	TBS Option A: Huawei, Nokia

	Combinations with TBoMS
	No restriction: Huawei
	TBS Option B: Huawei, InterDigital
	No restriction: Huawei

	TBS determination
	No change
	Option A: Huawei, Apple, Sharp, Google, DoCoMo
No Change: Ericsson, MTK
	Option A: Huawei, Ericsson, Apple, CATT, MTK, Sharp, Google

	UCI multiplexing
	Option A: Huawei, MTK, Vivo, China Telecom, Google, DoCoMo
Option B: Nokia
Option C: Nokia
	Option A: Huawei, Google
Option B: Huawei, Sharp
Option D: InterDigital
	Option A: Huawei, Vivo, Google
Option B: Huawei, Sharp

	RV cycling
	Option A, Option B: Huawei, Nokia, Apple, MTK, Spreadtrum, China Telecom, Google
Option C: Apple
	No change: Huawei, M, VivoTK, Samsung, Google
	No change: Huawei, MTK, Samsung, Google

	Frequency hopping
	Option A: Huawei, MTK, Spreadtrum, Vivo

Option B: Huawei, MTK
	Option C: Huawei, Vivo

No restriction for inter slot FH: Huawei
	No restriction: Huawei, Samsung, Vivo

	Power control
	No change: Huawei, Nokia
	Option A: Huawei, Nokia, Sharp, Google
	Option A: Huawei, Nokia, Google

	OCC multiplexing with non-R19 UEs
	Possible: Ericsson
	Possible: Ericsson
	Not possible: Ericsson

	OCC indication/configuration
	RRC Configuration: Huawei, Nokia, QC, Apple, CATT, Spreadtrum, InterDigital, Lenovo
DCI indication Option A: Huawei, Nokia, QC, Apple, Spreadtrum, InterDigital, Google, Lenovo
DCI_indication Option B: Nokia




Moderator view on signaling aspects of OCC: 
Several companies share the view that RAN1 should first decide on down-scoping of OCC techniques for PUSCH before discussing signalling aspects.On the other hand, some issues seem to be common to all the OCC options. It would seem reasonable to make progress on the common issues.
· Expand UCI multiplexing in all the slots of an OCC period
· FFS with re-used UCI RE mapping, or scaling of UCI REs by OCC
· Combination with TBoMS is supported
· FFS details
· For TBS calculation scale allocated length of PUSCH  by OCC length without TBoMS.
· FFS with TBoMS
· OCC parameters can be 
· Semi-statically configured
· Dynamically indicated 


3.2 First Round Discussion
The following initial proposals for signalling aspects common to OCC options are made below:

Initial Proposal 3-1: For OCC for PUSCH, expand UCI multiplexing in all the slots of an OCC period
· FFS with re-used UCI RE mapping, or scaling of UCI REs by OCC

Initial Proposal 3-2: For OCC for PUSCH, combination with TBoMS is supported
· FFS details

Initial Proposal 3-3: For OCC for PUSCH without TBoMS, scale allocated length of PUSCH  by OCC length for TBS calculation.
· FFS with TBoMS


Initial Proposal 3-4: For OCC for PUSCH, OCC parameters can be 
· Semi-statically configured
· Dynamically indicated 
· FFS details of parameters 


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

	Qualcomm
	Proposal 3-1 and 3-3 depend on the specific OCC technique being adopted. We should conclude first on what technique to support before deciding on details.

	LGE
	[Initial Proposal 3-1]
The current proposal is only applicable in the case of inter-slot OCC, so there is a need to extend it to a more general proposal. We suggest the following update:
Initial Proposal 3-1: For OCC for PUSCH, expand UCI multiplexing in all the slots repeated payload(s) of an OCC period
· FFS with re-used UCI RE mapping, or scaling of UCI REs by OCC
[Initial Proposal 3-2], [Initial Proposal 3-3]
These can be discussed later when supported OCC techniques are clarified.
[Initial Proposal 3-4]
It seems to need to be considered depending on the OCC technique and PUSCH scheduling type (e.g., CG PUSCH, DG PUSCH). These can be discussed later when supported OCC techniques are clarified.


	NTT DOCOMO
	Agree with proposal 3-1/2/4 as starting point and details can be further considered. Proposal 3-3 can be discussed separately for each technique after down-selection. 

	Nokia
	To some extent agree with Qualcomm that it would be preferable to agree on the specific OCC scheme(s) to focus on. If we keep all options in consideration for too long it may create to diverse discussions. Better do some filtering already at this early stage.
Initial proposal 3-1: OK
Initial proposal 3-2 and 3-3: It would be preferred that the group discusses whether addition of TBoMS will give added benefit on top of the PUSCH repetition Type A. In our preference there should only be one method to re-gain the capacity loss that will potentially surface with the PUSCH repetitions.
Initial proposal 3-4: In principle OK.

	Panasonic
	Initial Proposal 3-1
This is only applicable to inter-slot OCC. 
Initial Proposal 3-2
OK.
Initial Proposal 3-3
For inter-slot OCC, TBS calculation would not be impacted. For inter-symbol and intra-symbol, because the number of REs is reduced by OCC, NRE should be scaled by OCC length. 
Initial Proposal 3-4
OK.

	OPPO
	Agree with QC that we should conclude on OCC schemes first. Besides, on Proposal 3-3, there is no need to separate with or without TBoMS cases. A unified formula for TBS calculation should be considered. 

	Apple
	Proposal 3-1: to cover inter-symbol OCC and intra-symbol OCC, we could modify “expand UCI multiplexing in all the slots/symbol(s) of an OCC period”
Proposal 3-2: For inter-slot OCC, TBS calculation is not impacted.

	Huawei, HiSilicon
	We think these can be discussed after down selection of OCC schemes.

	ZTE
	Solutions on UCI multiplexing, TBS calculation, signalling can be discussed after OCC scheme is selected, the impact may be analyzed at this stage.

	Fujitsu
	We support all proposals. For proposal 3-2, we note that taking care of the number of slot when adapting the combination of inter-slot OCC and TBoMS.

	Ericsson
	Initial Proposal 3-1: This applies only for inter-slot OCC. LGE’s proposal could be considered instead. 
Initial Proposal 3-2: We are not sure TBoMS and inter-slot OCC are useful together.
Initial Proposal 3-3: This does not apply for all OCC schemes. 
Initial Proposal 3-4: OK

	
	

	
	

	
	

	
	

	
	



3.3 Summary of First Round Discussion
TBA

3.4 Conclusion
TBA



4 Proposals 
4.1 Proposals for First Offline Sessions

Performance of OCC techniques:

Mapping of OCC schemes:

Signalling aspects of PUSCH with OCC:


4.2 Proposal for First Online session

Performance of OCC techniques:
Proposal 1-3: Deprioritize OCC length 8 for PUSCH for inter-slot OCC, inter-symbol(s) OCC, and intra-symbol OCC.

Mapping of OCC schemes:
Proposal 2-1: Supported OCC techniques without combination:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2
· One of two OCC techniques with OCC length 4
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)


Signalling aspects of PUSCH with OCC:
5 Conclusions





6 Appendix
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
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