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Introduction
In RAN#102 a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. Among the objectives of the work item, there is uplink capacity/throughput enhancement for FR1-NTN, using orthogonal cover codes (OCC). The objective description is as follows:
	2. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
 
· 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



RAN1 should hence focus on discussing the applicability of OCC to NTN NR uplink data channel (i.e. PUSCH) and on identifying potential issues and enhancements if necessary, considering the NTN-specific characteristics. Based on this guidance, this contribution provides our views on the above matters.
[bookmark: _Hlk510705081]Discussion
In RAN1 #116-bis, the following was agreed for the support of OCC for PUSCH in Rel-19 NR NTN:
	Agreement​
Support OCC for PUSCH in Rel-19 NR NTN:​
· At least PUSCH with Type A repetition​
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases​
· At least code length 2 or 4, FFS code length 8 ​
· FFS: number of RBs​
· Potential OCC techniques listed below are for further down-selection:​
· Inter-slot time-domain OCC with PUSCH repetition Type A ​
· Inter-symbol(s) time domain OCC ​
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)​
· Combinations of OCC techniques​
· TBoMS for OCC techniques is FFS



It can be noticed that at least PUSCH with Type A repetition is supported for Rel-19 NTN whereas PUSCH without repetitions (i.e. intra and inter-symbol) is still FFS. This and the other FFS points will be discussed in the following.
Considerations on intra-symbol and inter-symbol OCC
The intra-symbol scheme refers to application of an OCC within an OFDM symbol, either in time (before DFT operation) or frequency domain, with this latter resembling the OCC scheme used for DMRS multiplexing in MU-MIMO. Such a spreading scheme is based on a spreading of the data within one OFDM symbol either in time (in case of DFT-s-OFDM waveform, before DFT spreading) or in frequency (after DFT spreading), wherein the data to be transmitted are repeated in additional time or frequency location, respectively, of the same OFDM symbol. Although such a scheme might not suffer from channel decorrelation in time or frequency for a limited number of UEs, it requires an expansion of the transmission bandwidth directly proportional to the number of UEs to multiplex, e.g. if two UEs are to be multiplexed both transmitting data occupying one PRB (12 REs), two PRBs are necessary for such multiplexing. However, considering that a gNB can schedule the two UEs separately and orthogonally in the two distinct PRBs, the motivation for introducing such a scheme is unclear. Similar observations can be made for the scheme of inter-symbol OCC (but still operating intra-slot), since as for the intra-symbol scheme, additional resources need to be reserved for the operation of the scheme, and such resources might as well be allocated to different UEs for orthogonal transmission in time or frequency.
Observation 1: Motivation for introducing an intra-symbol or inter-symbol OCC scheme is unclear.
It might be argued that, if 2 PRBs are scheduled for each one of 2 multiplexed UEs, the transmitted TBS is double compared to the TBS that would be transmitted if each UE was allocated 1 PRB only, doubling the throughput per UE. It is to be noticed, however, that such increase does not come for free, since in order to enable OCC application with same TBS per UE, the coding rate per UE would need to be doubled impacting the performance. Indeed, even if signal repetitions (necessary for OCC application) could compensate for the loss in coding rate, such signal repetitions would only partly do so since they would only increase the SNR of the transmitted coded bits while part of the information (i.e. part of the redundancy bits of the base codeword) would be lost. If we consider, for example, the case of MCS0, a halving of the coded bits available for transmission would yield an actual coding rate of 0.2344, higher than the coding rate of the mother code (for base graph 2, equal to 0.2). This means that part of the coded bits of the mother code would not be transmitted anymore, impacting the performance of the transmitted PUSCH.
This problem does not occur in the case of inter-slot OCC (i.e. OCC across Type A repetitions), since the slot based signal generation mechanisms are not impacted.
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.
In addition to the above observations, it is to be noted that especially the intra-symbol OCC scheme would have a negative impact in terms of in-band emissions (IBE) to the other multiplexed UEs. Indeed, differently than the scheme of OCC across PUSCH repetitions, multiplexed UEs using intra-symbol OCC would transmit their signals in a comb manner, and the emissions from transmission of one UE would impact reception of the other UEs. It is to be noted that no RAN4 requirements exists for controlling such emissions, except for the EVM which is much looser than the IBE requirement. Such an effect would not be visible for the case of inter-slot OCC, wherein the distortion generated from one UE in adjacent subcarriers will be cancelled by the inter-slot OCC application.
Observation 3: Intra-symbol OCC suffers from inter subcarrier emissions lowering its performance in actual deployments.
Based on the above observations, we prefer limiting the OCC solution to the case of inter-slot (Type A) repetition OCC.
Proposal 1: RAN1 to support only OCC with PUSCH repetition Type A in Rel-19 NR NTN.
OCC code length and supported number of RBs
From the latest RAN1 agreement, it can be noticed that two points are further left open for further studies, i.e. the OCC length and supported number of RBs for the OCC schemes.
On the first point of OCC length, we believe that OCC length up to 8 should be supported. For this case it would be up to gNB to select the proper OCC length to use based on the amount of UEs indicating support for the OCC feature, having requirements for uplink transmissions, while at the same time having similar frequency offset properties. Alternatively, mechanisms for FO control at the gNB could be introduced, so to enable the gNB to align the FO properties of the UEs supporting the OCC feature. Figure 1 shows indeed that if the multiplexed UEs have similar FO values, no large impairment from a larger OCC size is to be expected.
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[bookmark: _Ref166228122]Figure 1 The BLER of four UEs employing OCC across repetitions, with a 30-degree phase shift in four slots.
It is to be noted that mechanisms for FO post-compensation at gNB are not applicable for the OCC case, since each RE would contain information symbols of different UEs affected by different FO values.
Proposal 2: RAN1 to discuss mechanisms for UE frequency offset control by the gNB.
For the supported number of RBs, we do not see why RAN1 should limit the design of the OCC features to a certain number of RBs, especially for the case of OCC applied to PUSCH repetitions Type A. If anything, UE multiplexing in the same resources makes the most sense in the cases where UEs need to transmit large payloads and hence occupy a large number of resources for their transmission, leaving no space for frequency or time domain multiplexing.
Proposal 3: The design for OCC should not impose any limitations in the PRB domain.
In Table 2 we have summarized some of the observed advantages and disadvantages of the three spreading schemes which have been described above.
[bookmark: _Ref158993412]Table 1 Comparing different OCC spreading schemes
	Spreading Scheme
	Advantages
	Challenges

	FD intra-symbol OCC
	Negligible impairment due to timing drift.
	· Frequency selectivity, larger BW necessary decreasing PSD for power limited UEs.
· Transport block size will be scaled with OCC length.

	TD intra-symbol OCC
	Negligible impairment due to timing drift.
	· Larger BW necessary decreasing PSD for power limited UEs.
· Transport block size will be scaled with OCC length.
· Specification impact is high.

	Intra-slot OCC
	Low impairment due to timing drift.
	· Limited multiplexing gain compared to inter-slot OCC, potentially impacting capacity enhancement.
· Alignment of multiple UEs with different TBSs not straight forward.
· Transport block size will be scaled with OCC length.

	Inter-slot OCC
	· Enables multiplexing gain by spreading codes across repetitions in the time domain, potentially boosting capacity.
· Simple to implement since PUSCH repetitions are already standardized.

	· Impairments due to timing drift and frequency error need to be accounted for.
· UCI and RV handlings are required.



Proposal 4: Examine and explore the benefits and challenges associated with various OCC spreading schemes. Challenges related to spec impact should be detailed for each scheme.

Design aspects of OCC on PUSCH
In RAN1 #116-bis, the following was agreed on the design and potential specification aspects of the OCC techniques:
	Agreement​
RAN1 to at least further study the potential specification aspects on OCC techniques:​
· TBS calculation / Rate matching​
· UCI multiplexing​
· RV cycling across repetitions​
· Frequency hopping, e.g. intra /inter slot​
· OCC indication/configuration​
· Power control​
· FFS others aspects



In the remainder of this section, we will discuss the above aspects in further details and express our views accordingly.
TBS determination and rate matching
Whether the procedures for TBS determination and rate matching needs to be adapted for the case of OCC application on PUSCH needs further discussion. Specifically, the need for such adaptation might be dependent on the OCC scheme as will be detailed in the following.
For the case of OCC on PUSCH repetitions Type A, we believe that no adaptation of the TBS determination or rate matching procedure is necessary since the signal generation will not be impacted. OCC codes will be applied on top of the currently defined repetition framework, without any impact to the signal generation of PUSCH defined in TS 38.212.
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.
For the case of intra or inter-symbol OCC, the TBS determination or rate matching procedure might need to be revisited to enable intra-slot repetitions of the generated signal. More specifically, we think that adaptation of the rate matching procedure is necessary for the UE to generate a PUSCH signal that spans a lower number of resources (or coded bits) compared to the resources assigned by the scheduling DCI so that signal repetitions can be fit into the scheduled number of resources. For example, the number of coded bits G considered in the determination of the rate matching output per codeblock (E_r) could be scaled by the OCC size to allow for signal repetitions. Finally, such signal repetitions should be performed after signal modulation (before DFT spreading), so to make sure that exactly the same symbols are being replicated within the OFDM symbol.
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.

Discussion on UCI multiplexing on PUSCH repetitions with OCC
Uplink Control Information (UCI) is a critical component of the uplink transmission in 5G NR, carrying control information from the UE to the network. Unlike DCI, which is exclusively carried by PDCCH, UCI can be transmitted via either Physical Uplink Control Channel (PUCCH) or PUSCH. In this manner, UCI messages might be multiplexed onto the PUSCH (as, for example, in Figure 2). However, in such cases, the UCI is only multiplexed in the one slot where the PUCCH single slot transmission would overlap with the PUSCH repetitions, and not replicated across multiple slots alongside each PUSCH repetition. Thus, applying OCC across slots may not preserve orthogonality across multiplexed UEs as the PUSCH repetitions which do not contain the same information/structure as the PUSCH repetition carrying the UCI. This leads to a challenge in OCC-enabled PUSCH operation causing interference among UEs due to imperfect elimination of interfering UEs during reception. Consequently, it is essential to discuss mechanisms for applying OCC across slots and maintaining OCC orthogonality or equivalently mitigating interference due to UCI multiplexed on PUSCH.
  [image: A diagram of a test

Description automatically generated with medium confidence]
[bookmark: _Ref163229553]Figure 2 UCI multiplexed on PUSCH creates interference in OCC-enabled PUSCH.

One option to preserve orthogonality across multiplexed UEs is expanding the UCI multiplexing in all the slots of an OCC period. However, this solution will result in too many resources occupied by a UCI so that the available throughput for a UE will be reduced. To mitigate this issue, the resource occupied by a UCI should be scaled down, for example, scaled down by the OCC length. A sketch of such scaling is shown in Figure 3, wherein the UCI is scaled by the OCC length 4 and multiplexed in all PUSCH repetitions of an OCC period.
[image: ]
[bookmark: _Ref166231005]Figure 3 Expanding the UCI multiplexing in all the slots of an OCC period and scaling down the resource occupied by the UCI in each slot of an OCC period when OCC on PUSCH is applied.

In addition, due to the UE processing time for a certain UCI, a UE may not be able to expand the UCI multiplexing on PUSCH in the first slot of an OCC period if the UCI does not occur in the first slot of the OCC period. In this case, dropping or postponing the UCI could be considered as illustrated in Figure 4.
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[bookmark: _Ref166231185]Figure 4 Postponing the UCI multiplexing to the next OCC period when the UCI multiplexing in the first slot of current OCC period is not feasible considering UE’s processing procedure time for the UCI.

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. 
Discussion on RV determination in case of PUSCH repetitions with OCC
Based on current specifications, a UE performing PUSCH repetitions will transmit a different RV at each repetition, i.e. a different chunk of bits of the codeword generated from the TB to be transmitted. This implies that the transmitted and received modulated symbols in time and frequency domain will be different at different PUSCH repetitions, creating problems for a receiver to annul the interference created by such a UE to other UEs transmitting on the same time frequency resources. For this reason, mechanisms for fixing the redundancy version within the span of an OCC should be discussed in RAN1.
One option to achieve that with minimal specification impact would be to define an RV group, which would be a group of PUSCH repetitions within which a UE uses a same RV for transmission on the physical resources. RV cycling would then be applied for each of the RV groups. An example of such mechanism is shown in the case of 8 PUSCH repetitions and having an RV group of size 4. It can be noted that in such a case both OCC of size 2 and 4 could be applied by the transmitting UE for OCC multiplexing. RV cycling is also kept across the RV group to partly keep the gains of incremental redundancy across the PUSCH repetitions.
Proposal 7: RAN1 to introduce RV grouping to allow application of OCC across PUSCH repetitions. 
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Figure 2. Example of RV grouping in case of 8 PUSCH repetitions and RV group of size 4.

Frequency hopping
Intra-slot and inter-slot frequency hopping generate phase discontinuity at UE transmitter, which should be avoided in the cases of inter-symbol and inter-slot (i.e. PUSCH repetitions Type A) OCC, where signal repetitions may occur after the frequency hop is performed. For the case of intra-symbol OCC, both intra-slot and inter-slot frequency hopping are not expected to create a problem.
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.
Slot bundling for frequency hopping defined in Rel-17 could be re-used in this context to alleviate the problem, at least for the case of OCC applied to PUSCH repetitions Type A. However, since configuration of such feature is tightly related to DMRS bundling configuration, further discussion is necessary on how the same parameters/configurations can be used in case OCC is enabled.
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 and configuration
To enable orthogonal transmission of multiple UEs over the same time frequency resources using OCC, methods for indication of OCC operation to corresponding UEs needs to be introduced. It is indeed fundamental that UEs scheduled in the same time frequency resources use different and orthogonal codes for their transmissions, and this can be guaranteed via gNB indication and management of UEs OCC code selection. Therefore, the code characteristics including OCC length and actual code and application timing should be clearly known at the UE. Furthermore, such indication may determine only part of the PUSCH repetitions that are using OCC for transmission. This case occurs when only part of scheduled UE’s PUSCH repetitions are shared with other UEs. 
Observation 6: Signaling and indication of both UE’s capability and OCC configuration and indication need to be further discussed in RAN1.
Semi-static RRC signalling and dynamic DCI signaling may be used together in order to trade-off the efficiency and overhead. In particular, the OCC set of sequences may be configured at the UEs via RRC signaling and the exact OCC characteristics for each user is user specific and indicated to the UE dynamically via DCI – either via a new DCI field or via repurposing an existing DCI field. The code set with the configured length might either be pre-configured at the UE (from specifications) or be further RRC configured by gNB. 
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.
For inter-slot OCC with scheduled repetitions, to allow for a more flexible application of OCC, it might involve only a portion of the total repetitions, such as 4 out of 8 scheduled repetitions. One possible method is to use an offset index that informs the UE about the position of the first OCC-enabled PUSCH repetition in relation to the initial PUSCH transmission. An example is illustrated in Figure 5 where UEs is scheduled with 4 repetitions and OCC of length 2 is applied only to the second and third repetitions, while UE2 with scheduled 2 repetitions are fully covered by OCC.
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. 
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[bookmark: _Ref166232892]Figure 5 DCI field to indicate the OCC position with respect to PUSCH first transmission.

Alignment of OCC codes of multiplexed UEs
One further important aspect to consider is that 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 when performing the application of the OCC at the receiver side.
Observation 7: It is crucial that the codes used for OCC are aligned to maintain orthogonality between the UEs using the same physical resources.
Alignment of the OCC codes might be left to gNB implementation and scheduling (i.e. gNB makes sure that UE with certain OCC length is scheduled to transmit in specific transmission occasion) but that might not always be simple to implement especially when the number of UEs to be multiplexed is large. In addition, different UEs might have different needs in terms of repetition factors to satisfy their own link budget, making such an alignment even more cumbersome.
One possibility to aid gNB scheduling and proper application of the OCC codes across PUSCH repetitions would be to introduce a cell specific OCC timing, so that each UE using OCC would have to align the timing of the codes for OCC operation to this general cell specific OCC timing. This way, when scheduling a UE for transmission, gNB will just need to make sure that the starting time of the repetitions is aligned with the cell specific OCC timing, regardless of when other UEs scheduled in the same resources started their PUSCH repetition transmissions. More generically, gNB could even ignore such alignment and bear interference in the non-aligned repetitions, knowing however that any repetition in a full OCC cycle would not cause interference to the other multiplexed UEs performing repetitions in a full OCC cycle due to their alignment in the application of the OCC codes.
A sketch of the mechanism is shown in Figure 6, where UE B is scheduled to start repetitions 2 slots after the start of the PUSCH repetitions of UE A. It can be noticed that, except for the first two repetitions, UE A and UE B will have aligned OCC codes throughout all other repetitions. 
[image: ]
[bookmark: _Ref165990568]Figure 6. Illustration of UL transmissions using alignment of applied OCC to system defined OCC timing.

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.

Power control in case of PUSCH with OCC
One of the issues that should be discussed is the power a UE should use for PUSCH transmission when applying OCC. Indeed, the 5G NR existing procedure for UL power control doesn’t consider OCC particularities, and thus leads to non-optimal UL power configuration. The existing power control formulas define the UL power proportional to the total number of allocated Resource Elements (REs) in terms of PRBs, assuming that a single UE is scheduled in the allocated resources. However, if multiple UE are multiplexed in the same resources, the inter-cell interference caused by such an UL transmission in such resources would grow proportionally impacting the performance of neighboring cells.
In addition, and specifically for the case of intra-symbol OCC of size N, the total number of actual occupied REs in a certain PRB may be N times smaller than the number of REs without OCC, due to the repeated modulation symbols in the time domain. Therefore, a UE will determine a significantly higher UL power than the required UL power when using the existing UL power control equation (PRB based), which is unnecessary due to the repeated REs that can be effectively combined at the receiver. Based on the above considerations, we believe that the UE transmit power determination when OCC is enabled for the case of intra-slot OCC should be adapted to consider the amount of “spreading” in the frequency domain.
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.

Conclusion
In this contribution we have presented our observations and proposals which are as follows:
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.
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.
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.
Observation 6: Signaling and indication of both UE’s capability and OCC configuration and indication need to be further discussed in RAN1.
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 1: RAN1 to support only OCC with PUSCH repetition Type A in Rel-19 NR NTN.
Proposal 2: RAN1 to discuss mechanisms for UE frequency offset control by the gNB.
Proposal 3: The design for OCC should not impose any limitations in the PRB domain.
Proposal 4: Examine and explore the benefits and challenges associated with various OCC spreading schemes. Challenges related to spec impact should be detailed for each scheme.
Proposal 5: In the case intra-symbol OCC is supported, RAN1 to consider scaling the parameters related to rate matching by the applied OCC size.
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. 
Proposal 7: RAN1 to introduce RV grouping to allow application of OCC across PUSCH repetitions. 
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.
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. 
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.
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.
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Appendix
In RAN1#116 the following agreements are made:
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
Adopt the table below for assumptions for modelling impairments for link level evaluation in NR NTN UL capacity and throughput enhancements
	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

	
	



Simulation Assumptions
According to RAN1 #116 agreements for simulation assumptions concerning the uplink capacity enhancement via OCC in NR NTN, we apply the simulation assumptions in Table 1 for the performance evaluation of OCC-enabled PUSCH. 
Table 2 Simulation assumptions for OCC evaluations.
	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
	64 bits

	DMRS configuration / port / bundling
	2 DMRS symbols
1 port per UE
Up to 4 DMRS ports

	PRBs/MCS
	2 PRBs, MCS #0

	Max repetition number
	Up to 4

	OCC length 
	Up to 4

	OCC sequence
	Walsh sequences

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx



Simulation Results
Our performance evaluation of OCC-enabled PUSCH follows the simulation methodology as follows. UEs transmit a number of PUSCH repetitions on the same time-frequency resources while also being subject to encoding by an OCC. The number of transmission repetitions depends on the number of OCC-enabled UEs, e.g. for two UEs multiplexed, two repetitions are simulated. The channel is estimated per slot. All the received transmissions and their respective channel estimates are placed in a buffer at the receiver. Once all the transmissions have been received, the signals of the buffer are equalized using the channel estimates, OCC-decoded, and demodulated to obtain the LLRs. As a result, the transmission data and BLER of the desired UE can be evaluated.
Applying the aforementioned methodology, Figure 7 shows a comparison in terms of BLER performance for two PUSCH repetitions in the case of two multiplexed UEs that have the same or different frequency offsets (FO). It can be noticed that a difference in FO among the multiplexed UEs degrades the performance compared to the optimal case in which the two multiplexed UEs have a same FO, and the amount of degradation is larger for larger difference in FOs. It can also be noticed that for this special case of two UEs, performance depends exclusively on the value of the difference in FOs, and not on the absolute values of the FO experienced by each UE.
[image: ]
[bookmark: _Ref166240542]Figure 7. BLER of PUSCH with 2 repetitions and with OCC enabled in case of 2 UEs having same or different FO values.

Similar observations can be drawn for the case of four UEs and four PUSCH repetitions, although the gap to the optimal case becomes larger for a same maximum FO difference among the set of FOs of the four multiplexed UEs. For example, it can be noticed that for the second case of FO = [0, 0, 0, 200] (red curve) where the maximum delta of FOs is 200 Hz, the gap at 10% BLER with the optimal case is around 2 dB for four UEs and four repetitions, whereas a similar case (of delta of 200 Hz) for two UEs (red curve in Figure 7), the gap is around 0.5 dB.
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Figure 4: The BLER of four UEs employing OCC across repetitions, with different frequency offset combinations.

The above simulation results highlight the importance to discuss and, if needed, define mechanisms for controlling the FO difference of the multiplexed UE to reduce the performance degradation that such difference would yield.
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