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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
The Rel-19 NR NTN objectives listed below provided in [1] focus more on the following.
	1. 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


In this contribution, we provide our views on the objective of Uplink Capacity/Throughput Enhancement for FR1-NTN.
2. Discussion on UL OCC schemes
According to the WID, orthogonal cover codes across OFDM symbols, OCC across slots/repetitions, and/or pre DFT OCC within an OFDM symbol can be considered.
Time-domain OCC across slots/repetitions


Figure 1. Example of time-domain OCC across slots/repetitions
OCC sequences can be applied across multiple slots or repetitions to achieve orthogonality between UEs. However, as the length of the OCC sequence increases, the accumulated timing errors over the slots or repetitions also increase. Consequently, the impact of timing drifts and the number of slots/repetitions will also increase. Furthermore, this scheme requires the slots or repetitions with OCC to use the same RV, which means that an increase in UL capacity is achieved at the cost of sacrificing the benefits of the incremental redundancy relying on different RVs.
This OCC scheme can be easily applied to Type A repetition. However, for Type B repetition, where the length of each actual repetition may vary over time, whether and how to support this OCC scheme requires further discussion.
[bookmark: _Ref163144973]Observation 1. When PUSCH Type A repetition is enabled, inter-slot/repetition OCC can be easily supported, but the UL capacity gain brought by OCC is achieved at the cost of sacrificing the benefits of the incremental redundacy relying on different RVs.

Inter-symbol time-domain OCC


[bookmark: _Ref162819982]Figure 2. Example of inter-symbol time-domain OCC (PUSCH with 6 symbols before applying OCC)
In Figure 2, OCC sequences are applied to different symbols within a slot or repetition. This approach requires the repetition of each symbol's content in the time domain, resulting in modifications to the resource mapping of PUSCH. Additionally, this method imposes further constraints on the allocation of symbols for PUSCH; for instance, the number of symbols allocated for PUSCH must be an integer multiple of the OCC sequence length and is not expected to be larger than 7.
[bookmark: _Ref163144975]Observation 2. Time-domain OCC across symbols requires significant modifications on resource mapping of PUSCH, as well as restriction on applicable PUSCH TDRA.

Intra-symbol time-domain OCC


[bookmark: _Ref163142012]Figure 3. Example of Pre-DFT OCC in each symbol
For intra-symbol OCC, it should be discussed whether the frequency-domain OCC is performed before DFT or after DFT.
If frequency-domain OCC is performed before the DFT, which is similar to the pre-DFT OCC used in PUCCH format 4, it can preserve good PAPR. On the other hand, if OCC is performed after the DFT, it would destroy the phase continuity within symbols and would result in high PAPR. Especially in the NTN case where the UL coverage performance is essential, the latter is not preferred. 
For the pre-DFT frequency-domain OCC, it is equivalent to comb-based resource mapping after DFT. As shown in Figure 3, although all UEs are allocated with the same resources(i.e.,2RBs), information bits of each UE can only be transmitted in one of the combs. It is unclear how much capacity gain pre-DFT OCC can bring. On the other hand, if FDM scheduling can be used, it can achieve the same scheduling capacity as the pre-DFT. Therefore, the primary use case for pre-DFT OCC may be situations where FDM scheduling is not possible for multiple UEs, for example, multiplexing multiple UEs within a single RB. An advantage of this OCC scheme is its independence from whether PUSCH repetition is enabled or not.
[bookmark: _Ref163144976]Observation 3. If intra-symbol OCC is performed after the DFT, it would destroy the phase continuity within symbols and would result in high PAPR.
[bookmark: _Ref163144977]Observation 4. Pre-DFT OCC is equivalent to comb-based resource mapping after DFT.
[bookmark: _Ref159239014]Proposal 1. Post-DFT frequency-domain OCC within symbols is not considered.

To evaluate the above schemes, simulations based on the following assumptions are performed. 
Table 1. Link-level simulation assumptions for PUSCH transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T1R

	Symbol allocation
	14 symbols 

	DMRS configuration
	Type I, single-symbol, 2 DMRS symbol, no multiplexing with data, e.g. [3 11]

	Repetition number
	1/2/4 repetitions

	Channel model
	NTN-TDL-C(LOS)

	Frequency hopping
	No hopping

	HARQ
	NO

	UE speed
	3km/h

	TBS
	184 bits for 2RBs for VoIP
96 bits for low data rate

	PRBs
	2RBs

	Modulation order
	QPSK

	BLER
	2% iBLER for VoIP
10% iBLER for low data rate

	Receiver algorithm
	MMSE

	Channel estimation
	Real channel estimation

	TO
	· With TO: uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts

	Timing drift 
	· With timing drift: 80us/s
· Without timing drift

	FO
	· with FO: uniform selection from [-0.1 ppm, +0.1 ppm], no frequency error variation.

	RV
	· All 0


In the simulation, the baseline for evaluating the above OCC schemes is as below:
· ‘Baseline’: one UE scheduled with 1/2/4/8 slot-level repetitions, all repetitions have the same TDRA, no UE multiplexing 
· ‘Intra-symbol’: two or four UEs apply pre-DFT OCC.
· ‘Intra-symbol+boosting’: two or four UEs apply pre-DFT OCC, with power boosting derived from unoccupied half REs.
· ‘Inter-symbol’: two or four UEs apply inter-symbol OCC
· ‘Inter-repetition’: two or four UEs apply inter-repetition OCC
At the receiver, the detection procedure would introduce OCC decoding operation. For intra-symbol OCC and inter-symbol OCC,  the exsting method is used, i.e., the receiver perform OCC decoding after receving a slot. However, for inter-repetition OCC, the receiver would not perform OCC decoding operation until all the repetitions across the whole OCC length are received. 

Impact of TBS
Two TBS have been evaluated for comparison.
	[image: ]
	[image: ]

	Figure 4. TBS=96bits
	Figure 5. TBS=184bits


When TBS = 96 bits, there is no significant difference in performance among the inter-repetition OCC/inter-symbol OCC/intra-symbol OCC without power boosting. However, when TBS = 184 bits, the inter-repetition OCC exhibits significantly better performance compared to the other two. The change arises from the differences in code rates. Under the inter-symbol OCC and intra-symbol OCC without boosting, the time-domain or frequency-domain resources used for transmission are halved, resulting in a higher actual transmission code rate, and hence, performance degradation is inevitable. When TBS = 96 bits, the code rate is relatively low, and thus the differences in code rates among inter-repetition OCC/ inter-symbol OCC/intra-symbol OCC without power boosting have little impact on performance. However, when TBS = 184 bits, the higher code rate leads to a more significant impact on performance. In addtion, if 3dB is boosted due to the halved frequency resource utilization in the intra-symbol OCC scheme, its performance would surpass that of the baseline scheme. Therefore, the following observations can be made:
[bookmark: _Ref163144979]Observation 5. For OCC2/4 without TO/FO, compared with the baseline, the performance of the inter-repetition OCC/ inter-symbol OCC/intra-symbol OCC without power boosting is similar, which shows 0.7 dB loss when required BLER is 10% and TBS=96 bits.
[bookmark: _Ref163144996]Observation 6. For OCC2/4 without TO/FO, compared with the baseline, the inter-repetition OCC/ inter-symbol OCC/intra-symbol OCC without power boosting suffer 0.5 dB loss/around 1.6 dB loss /around 1.6 loss respectively, when required BLER is 10% and TBS=184bits.
[bookmark: _Ref163144998]Observation 7. When TO/FO is not considered, the inter-repetition OCC scheme has good robustness to different TBS.
[bookmark: _Ref163145000]Observation 8. Intra-symbol OCC with power boosting shows 1.55dB and 0.8dB gain over baseline for TBS=96bits and TBS=184bits, respectively.

Despite that the performance of a single UE with OCC suffers  0.7dB loss than the baseline when TBS=96 bits, the overall throughput of multiplexed UEs with OCC could be larger than the baseline. 
As shown in Figure 6 and Figure 7, the total thoughtput of OCC schemes is higher than that of the baseline of single UE, and it approaches 2*throughput of the baseline in some cases, for example, when the channel condition is good (SNR > -2). In the simulation, multiplexed UEs employ different DMRS ports, which, from the throughput perspective, is equivalent to scheduling multi-layer transmission from the same UE on the same PUSCH. Usually, in the case where OCC is feasible, the channel condition may also be good to support multi-layer PUSCH transmission. There is no need for UEs supporting multi-layer transmissions to apply OCC. Meanwhile, UEs supporting only single-layer transmission are highly likely to be scheduled with repetitions to ensure coverage and thus can be multiplexed by OCC to improve capacity. In other words, the capacity gains brought by OCC mainly come from those UEs that only support single-layer transmission being able to achieve simultaneous transmissions on the same resource in scenarios with restricted coverage like NTN. Therefore, the following observations can be made:
[bookmark: _Ref163145001]Observation 9. The potential UL capacity gain of OCC schemes comes from allowing multiple UEs that only support single-layer transmission to be able to achieve simultaneous transmissions on the same resource in scenarios with restricted coverage.
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	[bookmark: _Ref163134636]Figure 6. Throughput of TBS=96bits, OCC2
	[bookmark: _Ref163134638]Figure 7. Throughput of TBS=184bits, OCC2



Impact of OCC length
	[image: ]

	[bookmark: _Ref162861847]Figure 8. Impact of OCC length


Figure 8 compares the performance of different OCC schemes under OCC 2 and OCC4. It can be seen that when the OCC length is 2, there is a minor difference in the performance of the three OCC schemes. However, when the OCC length is 4, the overall performance of OCC schemes decreases compared to when the OCC length is 2. One reason for this observation is that an increase in the number of multiplexed UEs leads to a higher code rate, thus resulting in a decrease in performance. Another reason is that with 4 repetitions, in the case of OCC 2, after using OCC, the PUSCH can still repeat once, thus bringing a joint demodulation benefit. 
Additionally, the performance of intra-symbol OCC without boosting and inter-symbol OCC demonstrates a 1dB loss compared to inter-repetition. Inter-repetition OCC is almost the same as the baseline in the transmission and mapping procedure, with the only difference lying in the application of OCC sequences after the mapping. Therefore, the loss in performance of inter-repetition OCC on top of the baseline is due to the receiver's operation of decoding OCC. To ensure a fair comparison, the RV for all repetitions is set to 0, thereby eliminating any IR gain across all the evaluated schemes.
[bookmark: _Ref163145002]Observation 10. Inter-repetition OCC has a better performance than intra-symbol OCC without boosting and inter-symbol OCC, and it has less spec impact.

Impact of OCC sequence
	 [image: ]
[bookmark: _Ref162968007][bookmark: _Ref162968003]Figure 9. Walsh vs DFT, 4 repetitions
	[image: ]
[bookmark: _Ref162968008] Figure 10. Walsh vs DFT, 8 repetitions


Based on the simulation results from Figure 9 and Figure 10, it can be observed that the performance trends of OCC based on Walsh code and DFT code are quite similar. In other words, the OCC schemes based on Walsh and DFT have minimal impact on performance.
[bookmark: _Ref163145003]Observation 11. The performance trends of OCC based on Walsh code and DFT code are quite similar.

Impact of TO, FO, timing drift
	[image: ]
Figure 11. TBS=96 bits, w/wo timing drift
	[image: ]
Figure 12. TBS=184 bits, w/wo timing drift


We also evaluated the impact of timing drift on performance, and from the above results, it can be seen that:
· For the case of TBS=96 bits, if TO+FO exists, the performance of the baseline and the three OCC schemes all somewhat deteriorated. It can be seen that the performance of intra-symbol OCC without boosting and inter-symbol OCC remains close to each other when TO+FO is considered, while the performance of inter-repetition OCC is more affected by TO+FO, showing the worst performance. When timing drift (set to 80us/s) is considered, it can be observed that the performance of the baseline and the three OCC schemes further deteriorates, with intra-symbol OCC without boosting and inter-symbol OCC performance still close to each other, and inter-repetition OCC being the most affected, showing the worst performance.
· For TBS=184 bits, if TO+FO exists, it can be seen that the performance of intra-symbol OCC without boosting and inter-symbol OCC remains close to each other. But in this case, the performance of inter-repetition OCC is superior to that of the other two OCC schemes. And it is also noted that as BLER decreases, the performance of inter-repetition gradually approaches that of intra-symbol OCC without boosting and inter-symbol OCC, indicating that inter-repetition is more affected by TO+FO. When timing drift (set to 80us/s) is considered, the performance of inter-repetition OCC is still better than the other two schemes.
[bookmark: _Ref163145004]Observation 12. When TO/FO is present but timing drift is not considered, inter-repetition OCC is worse than intra-symbol OCC without boosting and inter-symbol OCC when TBS=96 bits.
[bookmark: _Ref163145006]Observation 13. When TO/FO is present but timing drift is not considered, inter-repetition OCC still outperforms intra-symbol OCC without boosting and inter-symbol OCC when TBS=184 bits.
[bookmark: _Ref163145007]Observation 14. Inter-repetition OCC is more sensitive to timing drift than intra-symbol OCC without boosting and inter-symbol OCC.

[bookmark: _Ref159239012]Based on the above analysis and evaluations, we have the following proposal:
[bookmark: _Ref163145011]Proposal 2. The following OCC scheme can be considered
-Time-domain OCC across slots/repetitions
-Pre-DFT frequency-domain OCC within symbols

3. Conclusion
In this contribution, we provide our views on NR NTN OCC schemes. According to the discussions, we have the following observations and proposals: 
Observation 1. When PUSCH Type A repetition is enabled, inter-slot/repetition OCC can be easily supported, but the UL capacity gain brought by OCC is achieved at the cost of sacrificing the benefits of the incremental redundacy relying on different RVs.
Observation 2. Time-domain OCC across symbols requires significant modifications on resource mapping of PUSCH, as well as restriction on applicable PUSCH TDRA.
Observation 3. If intra-symbol OCC is performed after the DFT, it would destroy the phase continuity within symbols and would result in high PAPR.
Observation 4. Pre-DFT OCC is equivalent to comb-based resource mapping after DFT.
Observation 5. For OCC2/4 without TO/FO, compared with the baseline, the performance of the inter-repetition OCC/ inter-symbol OCC/intra-symbol OCC without power boosting is similar, which shows 0.7 dB loss when required BLER is 10% and TBS=96 bits.
Observation 6. For OCC2/4 without TO/FO, compared with the baseline, the inter-repetition OCC/ inter-symbol OCC/intra-symbol OCC without power boosting suffer 0.5 dB loss/around 1.6 dB loss /around 1.6 loss respectively, when required BLER is 10% and TBS=184bits.
Observation 7. When TO/FO is not considered, the inter-repetition OCC scheme has good robustness to different TBS.
Observation 8. Intra-symbol OCC with power boosting shows 1.55dB and 0.8dB gain over baseline for TBS=96bits and TBS=184bits, respectively.
Observation 9. The potential UL capacity gain of OCC schemes comes from allowing multiple UEs that only support single-layer transmission to be able to achieve simultaneous transmissions on the same resource in scenarios with restricted coverage.
Observation 10. Inter-repetition OCC has a better performance than intra-symbol OCC without boosting and inter-symbol OCC, and it has less spec impact.
Observation 11. The performance trends of OCC based on Walsh code and DFT code are quite similar.
Observation 12. When TO/FO is present but timing drift is not considered, inter-repetition OCC is worse than intra-symbol OCC without boosting and inter-symbol OCC when TBS=96 bits.
Observation 13. When TO/FO is present but timing drift is not considered, inter-repetition OCC still outperforms intra-symbol OCC without boosting and inter-symbol OCC when TBS=184 bits.
Observation 14. Inter-repetition OCC is more sensitive to timing drift than intra-symbol OCC without boosting and inter-symbol OCC.
Proposal 1. Post-DFT frequency-domain OCC within symbols is not considered.
Proposal 2. The following OCC scheme can be considered
-Time-domain OCC across slots/repetitions
-Pre-DFT frequency-domain OCC within symbols
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