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In the WID for Rel-19 NR NTN [1], the detailed objectives for uplink capacity/throughput enhancements for FR1-NTN are 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


And in RAN#116 [2], the evaluation assumptions were agreed for the discussion on coverage enhancement for NR NTN and are given in Appendix A. This contribution provides our views on enhancing uplink capacity/throughput via employing orthogonal cover code (OCC) on PUSCH, the link level evaluation methodology, and simulation results of OCC for FR1-NTN. 

Uplink Capacity/Throughput enhancement 
In NTN scenario, a satellite usually needs to cover a much larger terrestrial area serving a great number of UEs compared with gNB in terrestrial network. In order to compensate large pathloss suffered by UE in uplink, the maximum number of repetitions for a PUSCH transmission is increased from 16 to 32 in Rel-17. Whereas, the use of repetition increases the transmission time of a UE and is accompanied with high resource utilization in uplink, which will compromise the system capacity. Considering the large number of UEs demanding for uplink transmission and the limited spectrum resources available, it is beneficial to enhance uplink system capacity/throughput without sacrificing the UL coverage. 
In UL transmission with repetition, signals from different UEs can be multiplexed in the same time and frequency domain resource by multiplying different orthogonal cover codes (OCC) on the repeated signals. The orthogonality of OCC sequence can be maintained across multiple UEs, if the power consistence and phase continuity of the repeated signals and channel coefficient are not changed dramatically during the time span of an OCC sequence. In TN, OCC was widely used to improve multiplex capability in control channels (e.g. PUCCH forma 1/3/4) and reference signals (e.g. DMRS of PUSCH) [3], especially in the scenarios where the degree of freedom in spatial domain is not sufficient. At least following aspects should be considered when comparing different OCC schemes for PUSCH in NR NTN. 
· Robustness to timing/phase error and channel fluctuation in NTN scenario
· Flexibility of scheduling and multi UE multiplexing
· Complexity of transmission at UE and reception at gNB
· Impacts on PUSCH repetition schemes
· Impacts on the TBS determination
· Impacts on the UCI multiplexing on PUSCH
· Impacts on the frequency hopping, e.g. intra/inter-repetition
· Impacts on the uplink power control on PUSCH
Proposal 1: The following aspects could be considered when comparing different OCC schemes for PUSCH in Rel-19 NR NTN
· Robustness to timing/phase error and channel fluctuation in NTN scenario
· Flexibility of scheduling and multi UE multiplexing
· Complexity of transmission at UE and reception at gNB
· Impacts on PUSCH repetition schemes
· Impacts on the TBS determination
· Impacts on the UCI multiplexing on PUSCH
· Impacts on the frequency hopping, e.g. intra/inter-repetition
· Impacts on the uplink power control on PUSCH

1.1 Potential OCC schemes for PUSCH 
As defined in TS38.211, a DFT-s-OFDM PUSCH transmission includes the steps of scrambling, modulation, layer mapping, transform precoding, precoding and resource mapping. According to the WID, OCC can be applied across OFDM symbols, across slots, and within an OFDM symbol. In order to align the schemes for further evaluation, we analyse these OCC schemes separately in this section, which are also used in our simulation results in section 3. 

2.1.1 Inter-symbol OCC (“across OFDM symbols” in WID) 
By following a similar way as PUCCH format 1 as defined in clause 6.3.2.4.1 of TS38.211, OCC can be applied in PUSCH across DFT-s-OFDM symbols. Specifically, the block of complex-valued symbols y(0), …, y() to be mapped on the subcarriers of a DFT-s-OFDM symbol AFTER transform precoding shall be block-wise spread with the orthogonal sequence  according to the following equation. 
		                               equation (1)
where  is the number of resource blocks, and  is the length of OCC. After the block-wise spread, the sequence  can be mapped to resource elements , which are not reserved for other purposes, in an increasing order of first the index  and then the index , similar as the mapping of PUCCH Format 1. An example of the OCC scheme across 2 DFT-s-OFDM symbols and occ-length  = 2 is shown in Figure 1. 
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[bookmark: _Ref158226434]Figure 1 An example of inter-symbol OCC with occ-length=2.
It should be noted that each group of DFT-s-OFDM symbols in a PUSCH is repeated by the times of OCC length after block-wise spreading. The number of DFT-s-OFDM symbols allocated per repetition should be divided by the length of OCC. The number of RE available to a repetition of the PUSCH in a slot (NRE), as defined in clause 6.1.4.2 of TS38.214, should be scaled down by the length of OCC when determining the TB size. The UCI multiplexed on the PUSCH in a slot, if any, should also be block-wise spread. As the phase continuity may not be guaranteed after frequency hopping, the span of OCC sequence should be within a hop. 

2.1.2 Inter-repetition OCC (“across slots” in WID)
Elements of OCC sequence can also be multiplied on PUSCH repetitions if PUSCH repetition is configured. the span of OCC sequence is across slots for PUSCH repetition type A, and is across repetition for PUSCH repetition type B. Specifically, the group of complex-valued symbols AFTER transform precoding per repetition shall be block-wise spread with the orthogonal sequence  according to the following equation.
                    equation (2)
where  is the number of DFT-s-OFDM symbols per repetition according PUSCH resource allocation in time domain. An example of the OCC across 2 slots and occ-length of  = 2 is shown in Figure 2.
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[bookmark: _Ref158215646]Figure 2 An example of inter-repetition OCC with occ-length=2
For OCC across slots/repetitions, the TBS determination procedure in clause 6.1.4.2 of TS38.214 can be reused. Considering the RV cycling across slots/repetitions defined in clause of 6.1.2.1 of TS38.214, the RV cycling period should be aligned with span of the OCC sequence, i.e. repetitions spread with same OCC sequence having same RV. As the OCC sequence is applied across multiple slots/repetitions, the UCI multiplexed on a slot/repetition should also be repeated across the slots/repetitions and multiplied with the same OCC sequence. As the phase continuity may not be guaranteed after frequency hopping, the interval of frequency hopping for inter-slot frequency hopping should be extended to every OCC-length slots. 

2.1.3 Intra-symbol OCC (“within an OFDM symbol” in WID)
In order to alleviate the negative effect due to timing and phase drift across symbols or slots, OCC can also be applied in PUSCH within an DFT-s-OFDM symbol, similar as that used in PUCCH format 4 defined in clause 6.3.2.6.3 of TS38.211. Specifically, the block of complex-valued symbols (0),…,() for a PUSCH BEFORE transform precoding is block-wise spread according to the following equation. 
                               equation (3)
where , and  is the occ-length. An example of OCC scheme within an OFDM symbol with =1, and the length of OCC  = 2 is shown in Figure 3.
[bookmark: _Ref156208973][image: C:\Users\z00655152\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\74B0A329.tmp]
[bookmark: _Ref158215703]Figure 3 An example of intra-symbol OCC with occ-length=2.
For OCC within a DFT-s-OFDM symbol, it is equivalent to repeat the complex-valued symbols before transform precoding by the length of OCC , because UE concentrates the total transmit power on the subcarriers of a comb after transform precoding. The number of allocated subcarriers for PUSCH should be divided by the length of OCC. The number of REs available to a PUSCH repetition in a slot (NRE), as defined in clause 6.1.4.2 of TS38.214, should also scaled down by the length of OCC when determining the TB size. The UCI multiplexed with a PUSCH in a slot should also be block-wise spread before transform precoding. As the OCC spreading is within an DFT-s-OFDM symbol, both intra-slot and inter-slot frequency hopping can be used without change.

In summary, the characteristics of OCC schemes and potential standard impacts are compared in the following table.
Table 1 Comparison of OCC schemes
	OCC scheme
	Inter-symbol OCC
	Inter-repetition OCC
	Intra-symbol OCC

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

	Scheduling flexibility
	OCC length should divide allocated length of PUSCH 
	No restriction
	OCC length should divide allocated number of subcarriers 

	TBS determination
	Scale down by OCC length 
	No change
	Scale down by OCC length

	UCI multiplexing
	In the slot overlap with a PUCCH
	In all slots of a span of OCC sequence overlapping a PUCCH 
	In the slot overlap with a PUCCH

	Frequency hopping
	The OCC spreading should be restricted within a hop
	The hopping interval of inter-slot FH should be extended to X slot, where X=OCC-length
	No restriction



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

[bookmark: _Ref157188694]Evaluation methodology and preliminary results
1.2 Evaluation methodology
In order to evaluate the performance of different OCC schemes, we propose to use multi-user link level simulations. The baseband signals (after IFFT) from different UEs are generated independently following the PUSCH procedure and are mixed at receiver after passing through channel independently. For the power control, we assume the same transmit power from different UEs which simulates the similar receiving power at gNB. The performance of different OCC schemes can be observed by comparing BLER curves per UE and aggregated throughput across multiplexed UE with the baseline (PUSCH repetition type A without OCC). In order to make a fair comparison, we assume the MCS is same for both OCC cases and non-OCC cases. The repetition number of a PUSCH with OCC is scaled down by OCC length in order to keep same amount of time and frequency resource across different schemes. One TB is spread across multiple slots for inter-symbol and intra-symbol in order to keep same TBS across different schemes. An example of the resource mapping of PUSCH of baseline and different OCC schemes are illustrated in Figure 4. 
 [image: ]
[bookmark: _Ref158218484]Figure 4 Resource mapping for different OCC schemes and baseline for link level simulation

1.3 Simulation results
In this subsection, the performance of different OCC schemes are compared for both VoIP and low data rate services. Unless otherwise specified, common simulation assumptions for VoIP and low data rate are given in Table 4 in Appendix B. And the aggregated throughout of all UEs is calculated according to the following equation: 
                          
where BLER is the bit block error rate per UE, and  is the duration time of PUSCH. 

PUSCH for VoIP
The simulation parameters of PUSCH for VoIP are given in Table 5 in Appendix B. Under the same TBS of 208bits, different OCC schemes are compared under occ-length = 2 and occ-length = 4 in Figure 5 and Figure 6, respectively. Besides, DMRS bundling with a TDW (time domain window) of 2 slots is employed to improve the performance of inter-symbol OCC and intra-symbol OCC schemes. The comparison of KPIs are summarized in Table 2.
[bookmark: _Ref162876695]Table 2 Comparison of KPIs under different OCC schemes for PUSCH of VoIP
	
	
	Inter-repetition
	Inter-symbol
	Intra-symbol

	baseline
	SNR@2%BLER
	-5.6dB

	
	Aggr thpt @required SNR
	10.2kbps

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

	
	Aggr thpt @required SNR
	20.2kbps
	20.2kbps
	20.3kbps

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

	
	Aggr thpt @required SNR
	37.4dB
	40.4kbps
	40.7kbps



Via using the performance of single UE without OCC scheme as the baseline, the performance of different OCC schemes and the corresponding aggregated throughput under two UEs is shown in Figure 5, where the vertical line denotes the required SNR. It is observed that inter-symbol OCC achieves @2%BLER at SNR of -5.4dB and outperforms inter-repetition OCC with a gap of approximately 0.2dB. Intra-symbol OCC scheme almost overlaps with the scheme of single UE and achieves a better performance with a gap of 0.2dB compared to the inter-symbol OCC.
Observation 1: For PUSCH of VoIP with occ-length = 2, all evaluated OCC schemes have similar BLER performance. 
The aggregated throughputs of different OCC schemes are illustrated in Figure 5(b). Obviously, OCC schemes with a larger number of UEs can achieve a higher aggregated throughput and is almost twice as large as the aggregated throughout of the scheme of single UE. And the aggregated throughout of different OCC schemes is almost the same for SNR higher than -5.6dB due to the marginal difference in their BLER performance.
Observation 2: For PUSCH of VoIP with occ-length = 2, the aggregated throughput of different OCC schemes is almost the same for SNR higher than -5.6dB and is almost twice as large as the no-OCC scheme. 
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(a) The BLER performance		(b) The aggregated throughput performance
[bookmark: _Ref162206060]Figure 5 The performance of different OCC schemes for PUSCH of VoIP with occ-length = 2.

The performance of different OCC schemes under occ-length = 4 is compared in Figure 6. Since the orthogonality can still be preserved in intra-symbol and inter-symbol OCC schemes with a larger number of co-scheduled UEs, both inter-symbol OCC and intra-symbol OCC outperform inter-repetition OCC, and the performance gain grows with the increase of SNR. Besides, intra-symbol OCC outperforms inter-symbol OCC with each achieving @2%BLER at SNR of -5.6dB and -5.2dB. Correspondingly, the aggregated throughput of both inter-symbol OCC and intra-symbol OCC schemes outperforms inter-repetition OCC scheme with a performance gap of approximately 3kbps at the required SNR.
Observation 3: For PUSCH of VoIP with occ-length = 4, both inter-symbol OCC and intra-symbol OCC outperform inter-repetition OCC in terms of BLER and aggregated throughput. 
Observation 4: For PUSCH of VoIP with occ-length = 4, intra-symbol OCC and inter-symbol OCC have similar BLER performance. 
Observation 5: For PUSCH of VoIP, the difference between inter-symbol OCC and intra-symbol OCC is marginal in terms of aggregated throughput, especially in the high SNR regime. 
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(a) The BLER performance		(b) The aggregated throughput performance
[bookmark: _Ref162207700]Figure 6 The performance of different OCC schemes for PUSCH of VoIP with occ-length = 4.

PUSCH with low data rate
The simulation parameters of PUSCH for low data rate are given in Table 6 in Appendix B. A TBS of 104bits is employed for the comparison of different OCC schemes with different occ-length. The comparison of KPIs for different OCC schemes are summarized in Table 3.
[bookmark: _Ref162876731]Table 3 Comparison of KPIs under different OCC schemes for low data rate. 
	
	
	Inter-repetition
	Inter-symbol
	Intra-symbol

	baseline
	SNR@10%BLER
	-3.9dB

	
	Aggr thpt @required SNR
	12.3kbps

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

	
	Aggr thpt @required SNR
	24.2kbps
	24.3kbps
	24.5kbps

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

	
	Aggr thpt @required SNR
	36.5kbps
	48.2kbps
	48.7kbps

	OCC8
	SNR@10%BLER
	~
	-2.2dB
	~

	
	Aggr thpt @required SNR
	20.8kbps
	89.7kbps
	~



Via using the performance of single UE without OCC scheme as the baseline, the performance of different OCC schemes under occ-length = 2 and occ-length = 4 are shown in Figure 7 and Figure 8, respectively. It is noted that both intra-symbol OCC and inter-symbol OCC schemes slightly outperform inter-repetition OCC scheme with occ-length = 2, and the performance gain significantly grows with occ-length = 4. Correspondingly, in terms of aggregated throughput, both intra-symbol OCC and inter-symbol OCC almost overlap with inter-repetition OCC under occ-length = 2 due to the marginal difference in BLER, while the performance gap greatly increases under occ-length = 4. It is also worth noting that intra-symbol OCC performs better than inter-symbol OCC, leading to a gap of approximately 0.2dB @10%BLER for both occ-length = 2 and occ-length = 4. 

Observation 6: For PUSCH with low data rate, inter-symbol OCC and intra-symbol OCC slightly outperform inter-repetition OCC with occ-length = 2, and the performance gain significantly grows with occ-length = 4. 
Observation 7: For PUSCH with low data rate, intra-symbol OCC and inter-symbol OCC have similar BLER performance for both occ-length = 2 and occ-length = 4.
Observation 8: For PUSCH with low data rate and with occ-length = 2, the aggregated throughput of different OCC schemes is almost the same and is twice as large as the no-OCC scheme.
Observation 9: For PUSCH with low data rate and with occ-length = 4, both inter-symbol OCC and intra-symbol OCC achieve a similar performance in terms of aggregated throughout and significantly outperform inter-repetition OCC. 
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(a) The BLER performance		(b) The aggregated throughput performance
[bookmark: _Ref162249375]Figure 7 The performance of different OCC schemes for PUSCH with low data rate and with occ-length = 2.
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(a) The BLER performance		(b) The aggregated throughput performance
[bookmark: _Ref162249380]Figure 8 The performance of different OCC schemes for PUSCH with low data rate and with occ-length = 4. 

It is worth mentioning that single-symbol DMRS with MCS 5 and a TBS of 104bits is employed in the above comparison of different OCC schemes under occ-length = 2 and occ-length = 4. As for occ-length = 8, since enhanced single-symbol DMRS is only applicable for CP-OFDM while WID requires to focus on DFT-S-OFDM, basic double symbol DMRS is employed with MCS 6 to reach the same TBS of 104bits. In addition, since intra-symbol OCC generally requires the number of PRBs to be larger than 1 under occ-length = 8 while 1 PRB is used in the evaluation for low data rate, only the performance of inter-repetition OCC and inter-symbol OCC is compared, as shown in Figure 9. Although the performance of inter-symbol OCC degrades a lot with a gap of 1.3dB @10%BLER compared to occ-length = 4, it still significantly outperforms inter-repetition OCC. Besides, it can also be found that the aggregated throughput for inter-repetition OCC of occ-length = 8 is even smaller than that of occ-length = 4, due to its inferior ability in preserving orthogonality.
Observation 10: For PUSCH with low data rate and with occ-length = 8, inter-symbol still significantly outperforms inter-repetition OCC, and the aggregated throughput of inter-repetition OCC is even smaller than occ-length = 4.
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(a) The BLER performance		(b) The aggregated throughput performance
[bookmark: _Ref162959232]Figure 9 The performance of different OCC schemes for PUSCH with low data rate and with occ-length = 8

Conclusions
In this contribution, enhancements on PUSCH via OCC are discussed. The proposals and observations are summarized as below: 

Proposal 1: The following aspects could be considered when comparing different OCC schemes for PUSCH in Rel-19 NR NTN
· Robustness to timing/phase error and channel fluctuation in NTN scenario
· Flexibility of scheduling and multi UE multiplexing
· Complexity of transmission at UE and reception at gNB
· Impacts on PUSCH repetition schemes
· Impacts on the TBS determination
· Impacts on the UCI multiplexing on PUSCH
· Impacts on the frequency hopping, e.g. intra/inter-repetition
· Impacts on the uplink power control on PUSCH
Proposal 2: The following OCC schemes can be further evaluated:
· Inter-symbol OCC,according to equation (1) and figure 1
· Inter-repetition OCC, according to equation (2) and figure 2
· Intra-symbol OCC, according to equation (3) and figure 3

· Observations on PUSCH of VoIP:
Observation 1: For PUSCH of VoIP with occ-length = 2, all evaluated OCC schemes have similar BLER performance. 
Observation 2: For PUSCH of VoIP with occ-length = 2, the aggregated throughput of different OCC schemes is almost the same for SNR higher than -5.6dB and is almost twice as large as the no-OCC scheme. 
Observation 3: For PUSCH of VoIP with occ-length = 4, both inter-symbol OCC and intra-symbol OCC outperform inter-repetition OCC in terms of BLER and aggregated throughput. 
Observation 4: For PUSCH of VoIP with occ-length = 4, intra-symbol OCC and inter-symbol OCC have similar BLER performance. 
Observation 5: For PUSCH of VoIP, the difference between inter-symbol OCC and intra-symbol OCC is marginal in terms of aggregated throughput, especially in the high SNR regime. 

· Observations on PUSCH with low data rate:
Observation 6: For PUSCH with low data rate, inter-symbol OCC and intra-symbol OCC slightly outperform inter-repetition OCC with occ-length = 2, and the performance gain significantly grows with occ-length = 4. 
Observation 7: For PUSCH with low data rate, intra-symbol OCC and inter-symbol OCC have similar BLER performance for both occ-length = 2 and occ-length = 4.
Observation 8: For PUSCH with low data rate and with occ-length = 2, the aggregated throughput of different OCC schemes is almost the same and is twice as large as the no-OCC scheme.
Observation 9: For PUSCH with low data rate and with occ-length = 4, both inter-symbol OCC and intra-symbol OCC achieve a similar performance in terms of aggregated throughout and significantly outperform inter-repetition OCC. 
Observation 10: For PUSCH with low data rate and with occ-length = 8, inter-symbol still significantly outperforms inter-repetition OCC, and the aggregated throughput of inter-repetition OCC is even smaller than occ-length = 4.
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Appendix A: Agreements of RAN#1 116
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
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

	
	





Appendix B: Link level evaluation assumption 
[bookmark: _Ref158284032]Table 4 Common simulation assumption
	
	[bookmark: _Hlk110968180]Parameter
	Value

	Scenario 
	Orbit
	LEO600

	
	Elevation angle
	30 degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Random selection from [-0.1 ppm, +0.1 ppm] for UEs
Variation of frequency error is negligible.

	
	Timing error
	Random selection from [-29Ts, +29Ts] for UEs
Timing drift is negligible.

	Transmitter 
	SCS
	15KHz

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

	
	OCC sequence
	Walsh sequences for inter symbol/repetition OCC
Table 6.3.2.6.3-1/2 in TS38.211 for intra symbol OCC

	
	Velocity of UE
	3km/h

	Receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation



[bookmark: _Ref162202900]Table 5 Simulation assumption for NPUSCH with VoIP
	
	Parameter
	Value

	Transmitter
	Number of PRBs
	2

	
	Repetition scheme
	Total slots Nrep = 20 with repetition type A repetition

	
	TBS
	208 bits

	
	DMRS configuration

	DMRS for PUSCH with transform precoding
DMRS positions for single-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [38.211].

	
	DMRS port
	1000, 1001, 1002, 1003

	
	PUSCH
	PUSCH mapping type A with 12 OS

	
	MCS
	MCS 11 in MCS Table 6.1.4.1-2 in [TS38.214]

	
	OCC length
	2 and 4

	
	Number of UEs
	2 and 4 with same transmit power

	KPI
	BLER per UE
	SNR @2% BLER

	
	Aggregated throughput 
	Total throughout of 2 and 4 UEs multiplexed



[bookmark: _Ref162204747][bookmark: _GoBack]Table 6 Simulation assumption for NPUSCH with low data rate
	
	Parameter
	Value

	Transmitter
	Number of PRBs
	1

	
	Repetition scheme
	Total slots Nrep = 8 with repetition type A repetition

	
	TBS
	104 bits

	
	OCC length: 2 and 4

	DMRS 
configuration
	DMRS for PUSCH with transform precoding
DMRS positions for single-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [38.211].

	
	
	DMRS port
	1000, 1001, 1002, 1003

	
	
	PUSCH
	PUSCH mapping type A with 12 OS

	
	
	MCS
	MCS 5 in MCS Table 6.1.4.1-1 in [TS38.214]

	
	OCC length: 8
	DMRS configuration
	DMRS for PUSCH with transform precoding 
DMRS positions for double-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3 with with ld=14, l0=2 and pos1 in [38.211].

	
	
	DMRS port
	1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007

	
	
	PUSCH 
	PUSCH mapping type A with 10 OS

	
	
	MCS
	MCS 6 in MCS Table 6.1.4.1-1 in [TS38.214]

	
	Number of UEs
	2, 4 and 8 with same transmit power

	KPI
	BLER per UE
	SNR @10% BLER

	
	Aggregated throughput 
	Total throughout of 2, 4 and 8 UEs multiplexed
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