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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.
During RAN1#116 the group reached three agreements, basically covering the fundamentals regarding the assumptions and parameters to use, the schemes to consider and the KPIs and metrics to observe as well as the potential impairments to consider when evaluating the potential UL capacity enhancements. These are to be found in the appendix of this document.
[bookmark: _Hlk510705081]Discussion
In the following we provide our view on the overall aspects of OCC-enabled PUSCH in addition to scheme dependent discussions. Finally, we provide our simulation studies followed by concluding remarks.

Overall discussion on OCC-Enabled PUSCH 
During the discussions at RAN1#116, different considerations were mentioned that would potentially impact the overall system performance for the considered schemes for uplink capacity/throughput enhancements. In this preamble for the discussions below we will briefly discuss some of these aspects. The first aspect to consider for the further discussions is the typical use case for the uplink capacity/throughput enhancements. As part of the work item description, it is stated that “2) Offer optimized capacity performance on uplink through multiplexing techniques, motivated by: Possibly to allocate higher per-UE resources to better support VoNR/VoIP services in coverage-limited scenarios.”. And further, in the objective description it is stated: “Notes for this objective: The enhancement is not targeting improvements/impacts of MU-MIMO capability”. Normally, the system capacity and/or throughput can be enhanced through various means, which are:
· Increase of spectral efficiency through channel coding
· Increase of spectral efficiency through improvements of the SINR
· Increase of capacify through ability to multiplex UEs on the same resources by utilizing “orthogonality.”

For the cases considered above, it is our understanding that channel coding enhancements are not to be considered for NR over NTN, and we do not see any possibility for introducing any improvements through the SINR, and if such improvements are targeted, they would most likely come from the network planning perspective where it may be possible to increase the UL SINR by coordinating the scheduling of UEs such that the inter-UE interference is minimized. However, such enhancements would be based on proprietary solutions and would be considered outside of the scope of the WID. Based on this we make the following proposals:
Proposal 1: RAN1 to only consider enhancements to uplink capacity.
Proposal 2: RAN1 to exclude enhancements to single UE uplink throughput from further work.
Additionally, since it is not expected that RAN1 will be able to introduce any enhancements to the single-UE uplink throughput in the uplink direction, the work will have to focus on uplink capacity enhancements. Since the work item description states that the enhancements should not be targeted at improving/impacting the existing MU-MIMO capabilities, the work should focus on the areas where it is possible to obtain an improvement of the multiplexing capability. To be able to apply OCC the data that should be subject to the OCC need to have similarity of some form, meaning that the OCC need to be applied to a sequence of data that is having the same value, where the sequence is at least the same length or longer than the length of the OCC. 
While applying OCC potentially increase the capacity of the system, the benefit is only achievable if orthogonality of the OCC codes is maintained across different UEs. However, several factors in wireless networks and in particular NTNs challenge such criteria, e.g. different channel impairments across different UEs or across repeated signals of a same UE. Such impairments may include frequency offset and Doppler, time offset and drift, and power imbalance at the receiver. To ensure the applicability of OCC, therefore, it is of high importance to maintain orthogonality of OCC-enabled UEs given the different channel conditions experienced by multiplexed UEs. 
Furthermore, one should note that the impact of channel impairments depends on the domain OCC sequences are applied in; a time-domain OCC may be more vulnerable to frequency errors than a frequency-domain OCC. Therefore, while exploring the impact of channel impairments, it is crucial to highlight domain specific impacts. In addition, the size and elements of the applied OCC sequence is highly relevant matter to be considered in the evaluation of OCC applicability. Larger OCC sizes applied to a greater number of repeated signals facing frequency errors and timing drift present greater challenges in maintaining orthogonality. Consequently, the size of OCC is constrained by dominant channel conditions/impairments. A frequency-domain OCC of size 6 would be more sensitive to delay spread and timing error and might suffer more performance loss than a frequency-domain OCC of size 4 [2]. On the other hand, there is an anticipation that a size-4 Discrete Fourier Transform (DFT) code may exhibit lower performance compared to a size-4 Hadamard code in the presence of timing errors [2]. This stems from the fact that the DFT code essentially appears as a phase progression in the frequency domain, where each DFT vector represents an all-1 vector with a specific phase progression. A timing error could distort a DFT vector to resemble another DFT vector to the receiver, as a timing error translates into a phase ramp in the frequency domain. In contrast, a Hadamard code lacks this inherent phase progression characteristic, rendering it more resilient to phase distortions induced by timing errors.
Another obstacle lies in the requirement for precise synchronization between the transmitter and receiver. Given that the receiver must correlate the received signal with the appropriate orthogonal code, any discrepancies in timing or phase alignment will result in performance deterioration due to loss of orthogonality between the scheduled UEs. Moreover, the utilization of OCC may necessitate more complex signal processing algorithms in comparison to non-orthogonal coding methods, thereby amplifying system complexity and implementation expenses. Power imbalance is also another challenge in code multiplexed UEs that leads to performance degradation particularly when considering the time/frequency error at the receiver. In certain circumstances, under power imbalance the receiver may have difficulty distinguishing between different UEs. Therefore, such phenomena should be considered in the evaluation of OCC performance.  
Finally, the signalling aspects of OCC is important to note. The OCC configuration and sequences to be applied for each PUSCH may require additional signalling particularly when it comes to coordination of multiple UEs. The signalling overhead could be considered through the performance evaluation of OCC-enabled PUSCH. In summary: 
Proposal 3: The following aspects should be considered when evaluating the OCC performance and related benefits for PUSCH NR NTN:
· Robustness against NTN specific features such as timing drift
· OCC size and elements
· Time or frequency domain application of OCC
· Signaling overhead
· Implementation complexity
· Power imbalance issue

When considering introducing a new feature such as OCC for PUSCH in addition to being robust to impairments and providing gain, it is important that the specification impacts are limited and also many UEs would be supporting the feature. The latter aspect is especially crucial for a feature like OCC, since the gNB would only be able to apply the feature in case there are enough UEs in the system (that are having active traffic while also supporting the feature) for multiplexing. The last thing we would want is a feature which is not supported by devices in the network. Therefore:
Proposal 4: If adopted, the feature of OCC should focus on mechanisms that offers capacity gains, are simple to implement, and that ensure that multiple UEs would support the feature.

Discussion on OCC Spreading Schemes
Three main types of OCC spreading schemes can be envisioned: intra-symbol in time or frequency domain, inter-symbol and inter-slot OCC spreading in time domain that are described in the following.
Intra-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 uncorrelation in time or frequency for a limited number of UEs, it requires an expansion of the transmission bandwidth directly proportional to the number of UEs to multiplex, e.g. if two UEs are to be multiplexed both transmitting data occupying one PRB (12 REs), two PRBs are necessary for such multiplexing. However, considering that a gNB can schedule the two UEs separately and orthogonally in the two distinct PRBs, the motivation for introducing such a scheme needs to be further discussed.
Proposal 5: RAN1 to discuss the advantage and use case of intra-symbol OCC vs. frequency domain multiplexing.
In case RAN1 agrees that intra-symbol OCC is beneficial, one of the issues that should be discussed is the power a UE should use for PUSCH transmission with intra-symbol 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. For UEs with OCC of size N, the total number of allocated REs may be N times larger than the number of REs without OCC for a same MCS and transport block size (TBS), where these additional (repeated) REs (e.g., pre-DFT REs in pre-DFT OCC) carry the same information, i.e. carry repetition(s) of the original signal. Therefore, a UE will determine using the existing UL power control with OCC at significantly higher UL power than the required UL power, which is unnecessary due to the repeated REs that can be effectively combined at the receiver. This increased non-optimal UL power not only unnecessarily consumes UE power but also introduces additional interference (e.g., inter-cell interference).
Proposal 6: In case RAN1 selects intra-symbol OCC, the power control mechanism of PUSCH may need to be re-visited.

Inter-symbol OCC
The inter-symbol scheme refers to the application of an OCC across OFDM symbols within a same UE PUSCH transmission in a slot. In this case, the spreading by the OCC is performed in the time domain, possibly by repetition of the coded bits within a same UE PUSCH transmission. Differently than the intra-symbol scheme, the inter-symbol scheme does not require bandwidth expansion but at the same time might suffer of channel decorrelation in the time domain in cases of large residual frequency offset. The impact of frequency offset that appears as phase ramp in time domain breaks the OCC orthogonality with larger impact to larger size of OCC. In addition, as already mentioned above, inter-symbol OCC requires repetitions within a slot (similar to PUSCH repetition Type B), but since a low number of PRBs is considered, it will have the problem that the overall supported transport block size will become very small or even will hit the lower bound (i.e. 24 bits) with a corresponding increase of the actual achieved coding rate.
Therefore, further discussions are also necessary for this scheme to understand how to realize this with possibly minimal specification impact but yet with net system capacity gains justifying the introduction of the scheme. 
Proposal 7: RAN1 to consider the significant impact of inter-symbol OCC to the specification.
Proposal 8: RAN1 to evaluate the supported payload size with inter-slot OCC.
Proposal 9: For inter-symbol OCC further discussions are needed with respect to whether this brings a net system gain when considering the impact to single UE performance by increased coding rate and very small payloads.
Inter-slot OCC
The inter-slot spreading scheme refers to the application of an OCC code across PUSCH repetitions. Although this is arguably the easiest scheme to implement from specification point of view since PUSCH repetitions are already well integrated in the 5G NR standard, the impact of channel impairments to such scheme needs to be carefully evaluated. Simulation results of such evaluation can be found in Section 2.3, highlighting the necessity of defining mechanisms for reducing the impact of different frequency offset and/or timing drift values of the multiplexed UEs to the performance of the inter-slot OCC scheme. One possibility in this sense would be to introduce phase consistency requirements at the UE in a similar way as it was done for DMRS bundling in Rel-18 NTN, to ensure that the phase variations seen at gNB across the inter-slot repetitions (due to both RF impairments and timing drift) are contained within certain margins.
Observation 1: From specification point of view, Inter-slot OCC would seem to have the most similarities to existing configuration.
Proposal 10: RAN1 to further investigate how to reduce or mitigate the impact of frequency offset to inter-slot OCC between scheduled UEs. 

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 1). 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 do not contain the same information/structure as the PUSCH repetition carrying the UCI. This leads to a challenge in OCC-enabled PUSCH operation, that is the 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.
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[bookmark: _Ref163229553]Figure 1 UCI multiplexed on PUSCH creates interference in OCC-enabled PUSCH.

To handle the above-described UCI issue, any solution considered here would need to take into account the aspect that the UCI may be triggered in any of the slots within a set of PUSCH repetitions, and that UCI multiplexing may be triggered for any of the UEs being subject to multiplexing through OCC. Any approach for this would need to consider:
· UCI overhead: If solutions for pre-reserving UCI resources or for UCI repetitions are considered, these will occupy resources that would otherwise be available for PUSCH transmissions, thereby reducing the available throughput for a UE – and thereby reducing the system capacity.
· UCI handling in case UCI is not available from the first slot of an OCC period: Given that a UE cannot be expected to address a situation to address information into the future, RAN1 may need to develop solutions that can address this situation as well.
· In case UCI being considered as part of the PUSCH repetitions, this will mean that it is repeated throughout the duration of the OCC, and considerations on UCI scaling will need to be considered as well.

Proposal 11: RAN1 to study and potentially modify the procedures related to UCI multiplexing on PUSCH, with focus on how to integrate the UCI multiplexing into the inter-slot OCC scheme. 
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 12. 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.

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 2 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 13: Examine and explore the benefits and challenges associated with various OCC spreading schemes. Challenges related to spec impact should be detailed for each scheme. 
Discussion of the OCC schemes
Basically, the OCC may be applied in the frequency domain (by allocating multiple PRBs for the uplink transmission), or in the time domain (by repeating symbols or slots). When applying OCC in the frequency domain, subcarriers need to be repeated to allow for using OCC to establish the needed identical subcarrier symbols, which in turn would need a certain amount of transmit power for transmission. Assuming that the expansion in frequency is achieved by adding PRBs in the frequency domain, these added PRBs would each be using from the total transmit power budget which in turn could have been used for the transmission on a single PRB. The point here is that if four PRBs are used for transmission to allow multiplexing four UEs, each UE transmitting at their respective maximum power level, the better solution for this case would be NOT to apply OCC, but rather to let each UE transmit on a single PRB, with the same total transmit power, and with no interference between the UEs, which is expected to degrade performance when compared to fully orthogonal FDM’d transmissions. Based on this it is foreseen that OCC in the frequency domain would not provide any gains over existing mechanisms (where we already have per-PRB scheduling as an available mechanism that would create good isolation between scheduled UEs).
Proposal 14: For uplink capacity enhancements RAN1 should only consider OCC schemes in the time domain.
When considering the OCC possibilities in the time domain there are the options of repetitions of modulation symbols (pre-DFT), repetitions of OFDM symbols, repetitions of groups of symbols or repetitions of full slots to create the needed set of same symbols (i.e. repetitions) for the OCC to be applied in the time domain. As outlined in the assumptions for the evaluations it is quite clear that the main use case is considering only a few (one or two) PRBs to be transmitted, while no considerations have been made with respect to the extent of the transmission in the time domain. However, considering that only two PRBs are considered, repetitions within a slot (either using repetitions of a single symbol or using smaller groups of symbols – both having similarity with PUSCH repetition type B) will have the problem that the overall supported transport block size will become very small or even will hit the lower bound (i.e. 24 bits) with a corresponding increase of the actual achieved coding rate. Therefore, we would consider the only viable scenario to be considered for the UL capacity enhancements to be PUSCH repetition type A. 
Proposal 15: Uplink capacity enhancements via OCC should only consider PUSCH repetition type A.
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 2: It is crucial that the codes used for OCC are aligned to maintain orthogonality between the UEs using the same physical resources.
Proposal 16: RAN1 should study how to ensure that codes for OCC are aligned between UEs scheduled on the same physical resources.


Simulation results
To validate the benefits of OCC-enabled PUSCH and identify corresponding limits, simulation studies are essential. Here, we outline our perspective on the simulation methodology, the steps to be undertaken, and the assumptions to be adopted to gain a more comprehensive understanding of the potential performance degradation and capacity improvement in OCC-enabled PUSCH transmissions. Adding a feature like OCC on the data transmissions may introduce significant changes or modifications to the existing specifications, so adopting OCC should only happen if/when the feature shows to be both robust to impairments and efficient in terms of ability to multiplex UEs.
Proposal 17: The feature of OCC needs to be evaluated thoroughly in terms of robustness and efficiency prior to determining to specify it.
Simulation Steps
To identify the possible enhancements of uplink data capacity using OCC, first we need to evaluate the performance of OCC-enabled PUSCH and compare the results with scenarios without OCC. Considering non-ideal channel conditions, and therefore non ideal interference cancellation through OCC, it is expected that OCC application impacts the performance of single user PUSCH, and such degradation should be small enough to justify the introduction of OCC for capacity enhancements. 
To understand the performance impact of applying OCC to PUSCH transmission, we suggest assessing the baseline by evaluating the BLER of a single UE PUSCH without OCC to establish a reference point and determine the SNR value for which the BLER is at 10%. Then BLER performance is evaluated for OCC enabled PUSCH for a number of UEs with overlapping PUSCH transmissions but different OCC, in the determined SNR range for single UE PUSCH. Finally, any potential performance degradation of using OCC on PUSCH transmission is determined by evaluating the SNR gap at 10% BLER between the single UE PUSCH and OCC based PUSCH.
Proposal 18: Assess the performance impact of OCC-enabled PUSCH in comparison to PUSCH without OCC through link-level simulations. The evaluation involves the following steps:
· Step 1: Evaluate the single UE performance without OCC-enabled PUSCH and determine SNR for BLER at 10%
· Step 2: Evaluate BLER performance for OCC-enabled PUSCH where there are other OCC-enabled PUSCH transmissions overlapping but with different OCC. The evaluation is performed within the determined SNR range for single UE PUSCH.
· Step 3. Determine SNR gap at 10% BLER between the single UE PUSCH and OCC enabled PUSCH to identify any potential UE performance degradation.
· Step 4. Evaluate the overall network capacity enhancement with OCC.

Simulation Assumptions
According to RAN1 #116 agreements [] (see Appendix) 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. 
[bookmark: _Ref158992006]Table 1 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



In Table 1 we show the simulation assumptions targeting a scenario where OCC is implemented across repetitions, specifically referring to inter-slot OCC. This involves multiplying part of or the entire set of repetitions by a single OCC sequence, ensuring orthogonality to OCC sequences employed by other concurrently multiplexed and timing-wise synchronized UEs. It is noteworthy that the size of the repetition, constrained by legacy considerations, may have varying relationships with the size of the OCC code. However, regardless of this relationship, the number of repetitions should adhere to the maximum allowed repetitions supported in Release 18.
Proposal 19: The feature of OCC is considered only for cases with PUSCH repetitions configured.
Proposal 20: The length of the OCC being applied should match the number of repetitions used for PUSCH transmissions.
Furthermore, we think that it is important that RAN1 conducts a thorough investigation and assessment of the maximum number of UEs that OCC can support and that can be multiplexed in the same time and frequency resources. It is crucial that the UEs supported by OCC do not experience any significant BLER performance degradation compared to UEs without OCC. If a UE experiences a significant BLER performance degradation with OCC applied the UE would need a lower data rate for scheduling, and hence there will be a net system loss from applying OCC for such UE. The net loss will have to be subtracted from the potential multiplexing gain from applying OCC across a set of UEs. Additionally, companies should provide details regarding the OCC sequences adopted for their evaluations, including their size, elements, and specifications in the time or frequency domain, ensuring clarity in reporting.
Proposal 21: RAN1 to investigate and assess the maximum number of UEs that can be supported by OCC.
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 2 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.
Observation 3: The BLER performance depends on the value of the difference of FOs of the multiplexed UEs.
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[bookmark: _Ref163228854]Figure 2. 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 2), the gap is around 0.5 dB.
Observation 4: For longer OCC sequences, the sensitivity towards frequency offset increases.
[image: ]
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.
Proposal 22: RAN1 to discuss and, if needed, define mechanisms for controlling the FO difference of UEs using OCC across PUSCH repetitions.

Conclusion
In this contribution we have presented our observations and proposals which are as follows:
Observation 1: From specification point of view, Inter-slot OCC would seem to have the most similarities to existing configuration.
Observation 2: It is crucial that the codes used for OCC are aligned to maintain orthogonality between the UEs using the same physical resources.
Observation 3: The BLER performance depends on the value of the difference of FOs of the multiplexed UEs.
Observation 4: For longer OCC sequences, the sensitivity towards frequency offset increases.

Proposal 1: RAN1 to only consider enhancements to uplink capacity.
Proposal 2: RAN1 to exclude enhancements to single UE uplink throughput from further work.
Proposal 3: The following aspects should be considered when evaluating the OCC performance and related benefits for PUSCH NR NTN:
· Robustness against NTN specific features such as timing drift
· OCC size and elements
· Time or frequency domain application of OCC
· Signaling overhead
· Implementation complexity
· Power imbalance issue

Proposal 4: If adopted, the feature of OCC should focus on mechanisms that offers capacity gains, are simple to implement, and that ensure that multiple UEs would support the feature.
Proposal 5: RAN1 to discuss the advantage and use case of intra-symbol OCC vs. frequency domain multiplexing.
Proposal 6: In case RAN1 selects intra-symbol OCC, the power control mechanism of PUSCH may need to be re-visited.
Proposal 7: RAN1 to consider the significant impact of inter-symbol OCC to the specification.
Proposal 8: RAN1 to evaluate the supported payload size with inter-slot OCC.
Proposal 9: For inter-symbol OCC further discussions are needed with respect to whether this brings a net system gain when considering the impact to single UE performance by increased coding rate and very small payloads.
Proposal 10: RAN1 to further investigate how to reduce or mitigate the impact of frequency offset to inter-slot OCC between scheduled UEs. 
Proposal 11: RAN1 to study and potentially modify the procedures related to UCI multiplexing on PUSCH, with focus on how to integrate the UCI multiplexing into the inter-slot OCC scheme. 
Proposal 12. RAN1 to introduce RV grouping to allow application of OCC across PUSCH repetitions. 
Proposal 13: Examine and explore the benefits and challenges associated with various OCC spreading schemes. Challenges related to spec impact should be detailed for each scheme. 
Proposal 14: For uplink capacity enhancements RAN1 should only consider OCC schemes in the time domain.
Proposal 15: Uplink capacity enhancements via OCC should only consider PUSCH repetition type A.
Proposal 16: RAN1 should study how to ensure that codes for OCC are aligned between UEs scheduled on the same physical resources.
Proposal 17: The feature of OCC needs to be evaluated thoroughly in terms of robustness and efficiency prior to determining to specify it.
Proposal 18: Assess the performance impact of OCC-enabled PUSCH in comparison to PUSCH without OCC through link-level simulations. The evaluation involves the following steps:
· Step 1: Evaluate the single UE performance without OCC-enabled PUSCH and determine SNR for BLER at 10%
· Step 2: Evaluate BLER performance for OCC-enabled PUSCH where there are other OCC-enabled PUSCH transmissions overlapping but with different OCC. The evaluation is performed within the determined SNR range for single UE PUSCH.
· Step 3. Determine SNR gap at 10% BLER between the single UE PUSCH and OCC enabled PUSCH to identify any potential UE performance degradation.
· Step 4. Evaluate the overall network capacity enhancement with OCC.

Proposal 19: The feature of OCC is considered only for cases with PUSCH repetitions configured.
Proposal 20: The length of the OCC being applied should match the number of repetitions used for PUSCH transmissions.
Proposal 21: RAN1 to investigate and assess the maximum number of UEs that can be supported by OCC.
Proposal 22: RAN1 to discuss and, if needed, define mechanisms for controlling the FO difference of UEs using OCC across PUSCH repetitions.
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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
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