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1	Introduction
[bookmark: _Ref178064866]A work item for phase 3 of NR NTN was agreed in RAN#102, see WID in [1]. One objective is to enhance uplink coverage by means of orthogonal cover codes (OCC) for PUSCH. In this contribution, we provide our initial view on this.
2	Discussion
2.1	Background
Relevant parts of the WID [1] are copied below.
	Justification
· Offer optimized capacity performance on uplink through multiplexing techniques, motivated by:
· The coverage of NTN satellites is very wide, and considering device density, it is expected that a large number of UEs will be within a satellite’s coverage. Especially for LEO, a large number of UEs in coverage must succeed in transmitting desired data during a satellite coverage which means that rapid access to and release of satellite resources is required.
· The total spectrum resources available to the network will be limited especially in the early phases of NR NTN deployments.
· Some users will require higher resources than others, depending on their traffic patterns. Therefore, further granularity of resource multiplexing can significantly improve system capacity efficiency.
· Possibly to allocate higher per-UE resources to better support VoNR/VoIP services in coverage-limited scenarios.



	Assumptions (common for the whole WID, not all may be relevant for the UL capacity/throughput enhancement):
· The work item aims at specifying further enhancements for NG-RAN based NTN (Non-Terrestrial Networks) with the following assumptions:
· GSO (Geo Synchronous Orbit) and NGSO (Non-Geo Synchronous Orbit). NGSO includes Low Earth Orbit (LEO) and Medium Earth Orbit (MEO)
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS (Global Navigation Satellite Systems) capabilities
· In frequency band above 10 GHz, both Terminal Type 1 (Electronic steering antenna) and Type 2 (Mechanical steering antenna) to be considered for GSO and NGSO 
· Implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air To Ground) scenarios, where relevant



	Objectives:
· 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



2.2	Scenarios, evaluation methodology and KPIs
OCC should be evaluated by link level simulations and system level simulations.
Link level simulation are needed to evaluate performance of different OCC schemes, the loss compared to regular PUSCH due to interference between the OCC multiplexed UEs, and the impact of impairments that may degrade the orthogonality of the cover codes. A link budget analysis is useful to determine relevant S(I)NR ranges for link level simulations. Link budget assumptions are discussed in section 2.2.2, and a link budget analysis is provided. Link level simulation assumptions are discussed in section 2.2.3.
System level simulations are needed to determine the capacity gain of OCC. System level simulation assumptions are further discussed in section 2.2.4.
In general, many assumptions from the Rel-18 coverage enhancement study can be reused.
[bookmark: _Toc159248911]Reuse assumptions on scenarios and simulations assumptions from the Rel-18 coverage enhancement study when relevant.
2.2.1	Services and scenarios
In the Rel-18 coverage enhancement study, three target services were defined for UL – VoIP (AMR 4.75), a data service with 3kbps and a data service with 100 kbps bit rate. It was found unrealistic to provide 100 kbps data-rate with full coverage at least with handheld devices. The 3 kbps data service is similar to the VoIP service in terms of data-rate. To limit the simulation effort for OCC, it is proposed to focus on VoIP with AMR 4.75 for the Rel-19 UL capacity enhancement study.
[bookmark: _Hlk158630369][bookmark: _Toc159248912]Use VoIP with AMR 4.75 voice codec as reference service for performance evaluations of OCC.
OCC may be susceptible to high Doppler, which is present especially in LEO scenarios. Further, the justification of the WID states that “Especially for LEO, a large number of UEs in coverage must succeed in transmitting desired data during a satellite coverage which means that rapid access to and release of satellite resources is required”. The most challenging Doppler will be experienced in LEO 600, while more challenging SNR will be experienced in LEO 1200. Therefore, it is proposed to use both LEO 600 and LEO 1200 as reference scenarios for OCC.
[bookmark: _Toc159248913]Use LEO 600 and LEO 1200 as reference scenarios for performance evaluations of OCC.
It is further proposed to use the Set-1 satellite parameters from TR 38.821.
[bookmark: _Toc159248914]Use Set-1 satellite parameters from table 6.1.1.1-1 in TR 38.821 for performance evaluations of OCC.
2.2.2	Link budget analysis
A link budget analysis should be made to derive a range of SNRs at which OCC link level performance is to be evaluated. The assumptions from the Rel-18 coverage enhancement study phase should be reused as much as possible.
[bookmark: _Toc159248915]RAN1 to perform a link budget analysis to derive a range of SNRs at which OCC link level performance is to be evaluated, reusing link budget assumptions from the Rel-18 coverage enhancement study when relevant. 
2.2.2.1	Link budget assumptions
The following was agreed for the Rel-18 NR NTN coverage enhancement study:
	Agreement
For link budget calculation, parameters in the following table is assumed.
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30° (LEO), 12.5° (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: = 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	FFS

	Satellite RF parameters
	FFS

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· dB
· NOTE 2:             [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.



It is proposed to reuse assumptions from Rel-18 NR NTN coverage enhancement study with minor modifications, as shown in Table 1.
[bookmark: _Toc159248916]Reuse assumptions for link budget analysis from the Rel-18 NR NTN coverage enhancement study with minor modifications, as shown in Table 1.
[bookmark: _Ref158637636]Table 1: Assumptions for link budget calculations.
	Parameter
	Value
	Comment

	Carrier frequency
	2 GHz
	

	Satellite altitude
	600 km, 1200 km
	Only LEO

	Target elevation angle
	30°
	

	Atmospheric loss
	Equation (6.6-8) in TR 38.811
	

	Shadowing margin
	3 dB
	

	Scintillation loss
	Section 6.6.6 in TR 38.811
Ionospheric loss: = 2.2 dB (NOTE 1)
	

	Additional loss
	0 dB
	

	Clear sky conditions
	Yes
	

	Free space path loss
	Equation (6.6-2) in TR 38.811
	

	Satellite parameters
	
	

	Satellite antenna polarization
	1 RX with circular polarization
	Clarify that 1 RX is assumed

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 of TR 38.821
	

	Polarization loss
	3 dB
	

	Terminal parameters
	
	

	Terminal type
	Handheld
	

	Antenna type and configuration
	1TX with omni-directional antenna element
	Only 1 TX case

	Polarisation
	Linear
	

	Tx transmit power
	200 mW (23 dBm)
	

	Tx antenna gain
	-5.5 dBi
	As stated in RAN4 LS (R1-2208353 [6])

	
	
	

	Outcome
	CNR range
	

	NOTE 1: Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of TR 38.811 after frequency scaling.
	



2.2.2.2	Link budget results
Link budget results for LEO 600 and LEO 1200 are shown in Table 2, with number of PRBs as a parameter.
[bookmark: _Ref158638040]Table 2: Link budget results.
	Satellite type
	LEO 600
	LEO 1200

	Satellite RF parameter set
	Set-1
	Set-1

	Elevation Angle
	30°
	30°

	Subcarrier spacing [kHz]
	15
	15

	TX: EIRP [dBm]
	17.5
	17.5

	RX: G/T [dB/K]
	1.1
	1.1

	Free space path loss (PL) [dB]
	159.1
	164.5

	Atmospheric loss (LA)
	0.066
	0.066

	Shadow fading margin (SF) [dB]
	3
	3

	Scintillation loss (SL) [dB]
	2.2
	2.2

	Polarization loss [dB]
	3
	3

	Additional losses (AD) [dB]
	0
	0

	Target SNR [dB]
	-2.7-10log10(#PRBs)
	-8.1-10log10(#PRBs)



[bookmark: _Toc159248917]For link level evaluation of PUSCH with OCC in LEO 600, SNRs down to -2.7-10log10(#PRBs) should be considered.
[bookmark: _Toc159248918]For link level evaluation of PUSCH with OCC in LEO 1200, SNRs down to -8.1-10log10(#PRBs) should be considered.
2.2.3	Link level
Link level simulation are needed to evaluate performance of different OCC schemes, the loss compared to regular PUSCH due to interference between the OCC multiplexed UEs, and the impact of impairments that may degrade the orthogonality of the cover code.
[bookmark: _Toc159248919]RAN1 to perform link level simulations to evaluate performance of different OCC schemes, the loss compared to regular PUSCH due to interference between the OCC multiplexed UEs, and the impact of impairments that may degrade the orthogonality of the cover code, reusing link level simulations assumptions for PUSCH from the Rel-18 coverage enhancement study when relevant.
2.2.3.1	Link level simulation assumptions
The following was agreed for evaluation of PUSCH in the Rel-18 coverage enhancement study:

	Agreement
For coverage evaluation of PUSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration        
	14 OS

	Repetitions 
	w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	Whether/How HARQ is adopted is reported by companies. 

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK, pi/2 BPSK (optional)

	Other parameters
	Reported by companies






It is proposed to reuse the link level simulation assumptions from the Rel-18 coverage enhancement study with some modifications, as shown in Table 3.
[bookmark: _Toc159248920]Adopt the parameters in Table 3 for link level simulations.
[bookmark: _Ref158638742]Table 3: Link level simulation assumptions.
	Parameter
	Value

	Channel model
	NTN-TDL-C Rural, 30° elevation angle

	Service
	VoIP AMR 4.75

	Carrier frequency
	2 GHz

	UE speed
	3 km/h

	Frequency hopping 
	No frequency hopping

	UE TX antennas
	1

	Satellite RX antennas
	1

	Waveform
	DFT-s-OFDM

	PUSCH duration (for OCC across slots)
	14 OS

	HARQ configuration 
	No HARQ

	TBS
	≈184 bits

	DMRS configuration 
	Reported by companies

	Repetitions 
	Reported by companies

	PRBs/MCS
	Reported by companies

	Other parameters
	Reported by companies

	KPI
	SINR at 2% BLER




2.2.3.2	Impairment models
The orthogonality of OCC may be impacted by impairments. Therefore, it is important to have accurate impairment models in the link level simulations.
2.2.3.2.1	Timing errors
The orthogonality of OCC in time domain depends on that the transmission is coherent for the duration of the cover code. Similar to the Rel-18 NTN-specific DMRS bundling enhancement, a UE cannot be expected to maintain coherence when updating its TA pre-compensation. Therefore, UE TA pre-compensation updates may need to be paused and the received signal at gNB will be subject to time drift due to satellite/UE movement. This will impact the orthogonality of OCC. Especially, the orthogonality will be degraded if the signals from multiplexed UEs are subject to different amounts of time drift. The levels of time drift (from simulations) in an edge cell and a nadir cell served by a LEO 600 satellite with minimum elevation angle 10° are shown in Figure 1. A cell diameter of 1000 km is assumed, which is indicated in TR 38.821 [2] as the max diameter for LEO 600. The UEs are assumed to be stationary. The largest time drift is experienced in the edge cell (90.8 ppm) but the largest range within a cell is experienced in the nadir cell (±63.3 ppm).
NOTE:	Table 6.1.1.1-8 in TS 38.821 gives the "Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side", which is equivalent to the drift rate difference between beam edge and centre. For LEO 600 with 1000 km beam diameter, a drift rate of 15.82 ppm is given, which is the one-way drift rate of the service link. The RTT drift rate between UE and gNB (on ground) is therefore 4*15.82 ppm = 63.28 ppm. This confirms the simulation result.
[bookmark: _Toc159248903]The orthogonality of OCC applied in time domain will be degraded if the signals from multiplexed UEs are subject to different amounts of time drift.
[bookmark: _Toc159248904]The time drift due to satellite movement in a LEO 600 network can be up to 90.8 ppm.
[bookmark: _Toc159248905]The range of time drift due to satellite movement of received signals from UEs within one cell in a LEO 600 network can be up to ±63.3 ppm with a cell diameter of 1000 km.
[image: ] 
[bookmark: _Ref157696756][bookmark: _Hlk157699910]Figure 1: Time drift in LEO 600 with 1000 km cell diameter.


In addition to this, UE movement will also cause timing drift. There are also other sources of timing errors and timing drift depending on UE implementation that may need to be modelled.
The maximum timing error  of an NTN UL transmission in FR1 is given in Table 4:
[bookmark: _Ref157599030]Table 4: Timing error limits for NTN (from Table 7.1C.2-1 of TS 38.133 [2])
	SCS of SSB (kHz)
	SCS of UL (kHz)

	

	15
	15
	

	
	30
	

	30
	15
	

	
	30
	



[bookmark: _Toc159248921]RAN1 to agree on timing error and time drift models to be used in link level simulations of OCC.
To maintain orthogonality of OCC in presence of time drift, phase pre-compensation can potentially be used.
[bookmark: _Toc159248922]RAN1 to investigate if pre-compensation can be used to maintain orthogonality of OCC in presence of time drift due to satellite and UE movement.
2.2.3.2.2	Frequency errors
Doppler shifts on the service link are pre-compensated by NTN UEs while Doppler shifts on the feeder link are handled by the network by implementation. The RAN4 requirement on residual frequency offset for NTN UE after Doppler pre-compensation is ±0.1 ppm. Frequency errors of OCC-multiplexed UEs may impact orthogonality and performance in general. Therefore, frequency offsets need to be modelled per OCC channel in link level simulations.
The maximum frequency drift rate (Doppler rate) is 0.27 ppm/s for LEO 600 according to TR 38.821 [2]. Even for OCC across slots and the (unlikely) OCC length of 32 ms, the frequency drift rate is 0.27 ppm/s * 32 ms = 0.00864 ppm, which is negligible compared to a frequency error of 0.1 ppm. Therefore, a random fixed frequency offset can be assumed per UE and per transmission (including repetitions).
[bookmark: _Toc159248923]A random fixed frequency error in the range ±0.1 ppm should be applied individually per OCC-multiplexed UE and per PUSCH transmission (including repetitions) in link level simulations.
2.2.3.2.3	Power imbalance
Power imbalance between OCC-multiplexed signals will not impact the orthogonality as such, but it will amplify the performance degradation of non-orthogonality due to time/frequency errors. Power imbalances should be taken into account in link level simulations. The power imbalance levels should be derived from system level simulations.
[bookmark: _Toc159248924]RAN1 to agree on a power imbalance model to be used in link level simulations of OCC. The power imbalance levels should be derived from system level simulations.
2.2.4	System level
The following objective is stated in the WID [1]:
	· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)



To determine the capacity improvement of OCC, system level simulations are needed. An increasing number of users per UL radio resource will increase the levels of intra-cell and inter-cell interference. At some load, the limit of unacceptable quality of service is reached due to interference. System level simulations can be used to determine a feasible level of OCC multiplexing from a system point of view.
[bookmark: _Toc159248906]OCC will increase the number of active UEs per UL radio resource, which will increase the levels of intra/inter-cell interference. At some load level, the limit of unacceptable quality of service is reached.
[bookmark: _Toc159248925]The capacity improvement of OCC should be determined by system level simulations.

In the WID [1], the following is noted regarding DMRS:
	· The enhancement is not targeted to PUSCH DMRS



This means that the number of PUSCH transmissions that are OCC multiplexed is also limited by the max number of DMRS ports for PUSCH. This limit is 12 (using PUSCH DMRS type 2).
[bookmark: _Toc159248907]The number of UEs that are OCC multiplexed is limited by the max number of DMRS ports for PUSCH, i.e., 12 (for PUSCH DMRS type 2).
2.3	OCC concepts for DFT-s-OFDM PUSCH
The following note can be found in the WID [1]:
	· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol



Below we describe possible schemes for OCC across OFDM symbols, across slots and within an OFDM symbol, respectively. An initial performance evaluation of OCC across slots and within an OFDM symbol can be found in section 2.4.
2.3.1	OCC across slots
A straightforward implementation of OCC across slots is to apply an orthogonal code on top of Type A PUSCH repetitions with a fixed RV. PUSCH repetitions Type A with a fixed RV is already supported in the specification. The specification change is limited to application of slot-wise multiplication with a cover code.
Figure 2 shows an example with an orthogonal code of length two applied slot-wise to PUSCH repetitions Type A from two UEs.

[image: A diagram of a number of multiplying

Description automatically generated]
[bookmark: _Ref158204305]Figure 2: Schematic view of OCC across slots.

2.3.2	OCC within an OFDM symbol
A potential solution for OCC within an OFDM symbol is to adopt the OCC scheme of PUCCH format 4 (see clause 6.3.2.6 of TS 38.211 [3]). In this scheme, the data symbols are repeated, and an orthogonal code (e.g., a Fourier matrix) is applied before the DFT precoder, as illustrated in Figure 3. Due to characteristics of the DFT transform and the OCC code (based on a Fourier matrix), after the DFT precoder, only every nth subcarrier contains energy, where n is the spreading factor (2 in the figure). Therefore, this multiplexing scheme may also be seen as OFDMA with only 1/n of the subcarriers in each PRB allocated to each user.
Figure 2 shows an example with spreading factor two applied within an OFDM symbol.
[image: A diagram of a computer program

Description automatically generated]
[bookmark: _Ref158326764][bookmark: _Hlk158823862]Figure 3: Schematic view of OCC within an OFDM symbol.
For TBS calculation and rate matching (RM) for OCC within an OFDM symbol, two options can be considered in the scheme.
· Option A: using legacy rules for TBS calculation and RM.
· Option B: dividing the spreading factor for TBS and RM. 
Option A has minimum specification impacts. However, each slot will lose half of the coded bits and repeat other coded bits after spreading. It may cause the LDPC code rate to be larger than 1 or a loss of too many systematic bits, which implies that the channel decoding will fail in any SNR. Eg, MCS index from 6-9 in Table 6.1.4.1-1 in TS 38.214 [4] can’t work with 2 UEs multiplexing and 2 repetition type A. For option B, it needs to consider TBS and RM design for OCC. Figure 4 shows the coded bits loss for Option A.
[bookmark: _Toc159248908]OCC within an OFDM symbol requires updates of the TBS/rate matching design while OCC across slots does not.
[image: ]
Figure 4: Coded bits changes of OCC within an OFDM symbol

2.3.3	OCC across OFDM symbols
A potential solution for OCC across OFDM symbols is to use OCC across Type B PUSCH repetitions. This is left for further study.
2.3.4	Comparison
Pros and cons of OCC across slots and OCC within an OFDM symbol are summarized in Table 5.
[bookmark: _Ref159170478]Table 5: Comparison of OCC schemes.
	OCC scheme
	Pros
	Cons

	Across slots
	Small specification impact
	More sensitive to time drift 

	Within an OFDM symbol
	Less senstivite to time drift
	Large specification impact. Requires updates of the rate matching.




2.4	Initial link performance evaluation
In this section, we compare the link level simulation results of three schemes with and without time drift impact. The three schemes are as follows:
· L1: OCC across slots
· L2: OCC within an OFDM symbol
· L3: PUSCH repetition type A without OCC
To ensure that OCC within an OFDM symbol can work, the TBS and rate matching have been adjusted by spreading factor. For a fair comparison, the time and frequency resources, total transmission power per UE, peak throughput in three schemes are aligned. The simulation assumptions of Table 3 have been used. Additional simulation assumptions are listed in Table 6. 
[bookmark: _Ref158673070]Table 6: Additional link level simulation parameters.
	
	L1: OCC across slots
	L2: OCC within symbol
	L3: No OCC

	Number of multiplexed UEs
	2
	4
	2
	4
	1
	1

	Number of repetitions type A
	2
	4
	2
	4
	2
	4

	Allocation PRBs
	4

	RV
	[ 0 0 0 0]
	[0 2 3 1]
	[0 2 3 1]

	MCS table
	Table 6.1.4.1-1 in TS 38.214

	Modulation
	QPSK

	MCS index
	2
	5
	9
	2

	TBS
	192
	192
	184
	192

	Impairments
	Time offset: 	0
Time drift: 		0 ppm (no time drift)
		± 63 ppm (time drift)
Frequency offset:	± 0.1 ppm, uniform distribution per UE
Frequency drift: 	0
Power imbalance	0 (other values are left for further study)



PUSCH BLER without time drift is shown in Figure 5. The BLER of the three schemes with two repetitions and two multiplexed UEs are overlapping each other. It implies that the interference across subcarrier is almost 0 in OCC within a symbol and the interference across slots between UEs are mitigated by OCC. Symbol level combining can achieve the same performance in OCC across slots as soft bits combining in OCC within a symbol. When the repetition number and multiplexing UE number is increased to 4, the BLER of the three schemes are still close. Note that the code rate of OCC within symbol with 4 reps is slightly lower than the other schemes.
PUSCH BLER with time drift is shown in Figure 6. The performance of all schemes is decreased about 1 dB. It can be seen that with two repetitions and two multiplexed UEs, the OCC schemes give only a small performance degradation compared to no OCC. With four repetitions and four multiplexed UEs, the performance degradation is also small, although slightly larger for OCC across slots.
Note: 	According to the link budget analysis in section 2.2.2, SNR=-8.7 dB should be assumed for full coverage in LEO 600 and SNR=-14.1 dB in LEO 1200, assuming four PRBs. Performance with more slot repetitions will be evaluated in a future contribution.

[bookmark: _Toc159248909]Without time drift, PUSCH of two UEs with two slot repetitions can be OCC multiplexed with almost the same BLER performance as two slot repetitions without OCC. With time drift, there is a very small BLER performance difference. This applies to both with OCC within an OFDM symbol and OCC across slots.
[bookmark: _Toc159248910]Without time drift, PUSCH of four UEs with four slot repetitions can be OCC multiplexed with a small BLER degradation compared to four slot repetitions without OCC. With time drift, the BLER performance degradation is also small, although slightly larger for OCC across slots than OCC within an OFDM symbol.
[image: ]
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[bookmark: _Ref158674144]Figure 5:   Link performance of PUSCH without OCC, with OCC across slots and with OCC within an OFDM symbol, without time drift.
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[bookmark: _Ref158673102]Figure 6:   Link performance of PUSCH without OCC, with OCC across slots and with OCC within an OFDM symbol, with time drift.
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3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The orthogonality of OCC applied in time domain will be degraded if the signals from multiplexed UEs are subject to different amounts of time drift.
Observation 2	The time drift due to satellite movement in a LEO 600 network can be up to 90.8 ppm.
Observation 3	The range of time drift due to satellite movement of received signals from UEs within one cell in a LEO 600 network can be up to ±63.3 ppm with a cell diameter of 1000 km.
Observation 4	OCC will increase the number of active UEs per UL radio resource, which will increase the levels of intra/inter-cell interference. At some load level, the limit of unacceptable quality of service is reached.
Observation 5	The number of UEs that are OCC multiplexed is limited by the max number of DMRS ports for PUSCH, i.e., 12 (for PUSCH DMRS type 2).
Observation 6	OCC within an OFDM symbol requires updates of the TBS/rate matching design while OCC across slots does not.
Observation 7	Without time drift, PUSCH of two UEs with two slot repetitions can be OCC multiplexed with almost the same BLER performance as two slot repetitions without OCC. With time drift, there is a very small BLER performance difference. This applies to both with OCC within an OFDM symbol and OCC across slots.
Observation 8	Without time drift, PUSCH of four UEs with four slot repetitions can be OCC multiplexed with a small BLER degradation compared to four slot repetitions without OCC. With time drift, the BLER performance degradation is also small, although slightly larger for OCC across slots than OCC within an OFDM symbol.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse assumptions on scenarios and simulations assumptions from the Rel-18 coverage enhancement study when relevant.
Proposal 2	Use VoIP with AMR 4.75 voice codec as reference service for performance evaluations of OCC.
Proposal 3	Use LEO 600 and LEO 1200 as reference scenarios for performance evaluations of OCC.
Proposal 4	Use Set-1 satellite parameters from table 6.1.1.1-1 in TR 38.821 for performance evaluations of OCC.
Proposal 5	RAN1 to perform a link budget analysis to derive a range of SNRs at which OCC link level performance is to be evaluated, reusing link budget assumptions from the Rel-18 coverage enhancement study when relevant.
Proposal 6	Reuse assumptions for link budget analysis from the Rel-18 NR NTN coverage enhancement study with minor modifications, as shown in Table 1.
Proposal 7	For link level evaluation of PUSCH with OCC in LEO 600, SNRs down to -2.7-10log10(#PRBs) should be considered.
Proposal 8	For link level evaluation of PUSCH with OCC in LEO 1200, SNRs down to -8.1-10log10(#PRBs) should be considered.
Proposal 9	RAN1 to perform link level simulations to evaluate performance of different OCC schemes, the loss compared to regular PUSCH due to interference between the OCC multiplexed UEs, and the impact of impairments that may degrade the orthogonality of the cover code, reusing link level simulations assumptions for PUSCH from the Rel-18 coverage enhancement study when relevant.
Proposal 10	Adopt the parameters in Table 3 for link level simulations.
Proposal 11	RAN1 to agree on timing error and time drift models to be used in link level simulations of OCC.
Proposal 12	RAN1 to investigate if pre-compensation can be used to maintain orthogonality of OCC in presence of time drift due to satellite and UE movement.
Proposal 13	A random fixed frequency error in the range ±0.1 ppm should be applied individually per OCC-multiplexed UE and per PUSCH transmission (including repetitions) in link level simulations.
Proposal 14	RAN1 to agree on a power imbalance model to be used in link level simulations of OCC. The power imbalance levels should be derived from system level simulations.
Proposal 15	The capacity improvement of OCC should be determined by system level simulations.
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