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Introduction
In RAN#103 [1], a revised WID on NR NTN enhancements was endorsed for Release 19. This contribution aims to discuss NR-NTN uplink capacity and throughput enhancements objective as shown below: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



The following agreements were made in RAN1#116

	[bookmark: OLE_LINK14]Agreement in RAN1#116
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 in RAN1#116
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 in RAN1#116
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





In this contribution, we discuss different OCC schemes with PUSCH in the time and the frequency domains, and the preliminary simulation results.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Mapping of OCC 
Mapping of OCC in Time-Domain:
Time Domain (TD) mapping of OCC with PUSCH can be used for boosting UL capacity and throughput. This can be done in two ways – i.e. inter-slot OCC and inter-symbol OCC. The OCC code length can be up to 8 based on RAN1#116 agreement. Timing drift with Inter-slot OCC with OCC length 2, 4, or 8 slots not likely to be significant (~ <= max 0.8 us << CP length), and negligeable for inter-symbol OCC. Further, RAN1 did not preclude R17/R18 NR NTN UE to apply UE pre-compensation per slot for transmission of PUSCH (also not precluded by RAN4). Hence, we make the following observations
Observation 1: The orthogonality of OCC codes with Time Domain inter-slot OCC mapping or inter-symbol OCC mapping with OCC code length up to 8 can be maintained assuming max timing drift <=  0.8 us which is a fraction of CP length.

	UL transmission time (repetitions)
	Max Delay drift per UE (calculated)
	Max Delay drift among UEs
	Max Doppler drift among UEs
	CP [%]

	2 ms (x2)
	0.2 us
	0.0074 us
	0.001 ppm
	4.27%

	4 ms (x4)
	0.4 us
	0.0155 us
	0.002 ppm
	8.55%

	8 ms (x8)
	0.8 us
	0.0305 us
	0.005 ppm
	17.1%

	Note: Lowest elevation angle over the service link and feeder link considered in Release 16 Study Phase in TR 38.821 is assumed


Table 1: Illustration of delay drift and doppler drift with UL transmission time (repetitions).

Inter-slot OCC mapping can be used with PUSCH repetition Type A for lengths 2, 4, or 8 with minimum impact on specifications. 
Inter-symbol OCC mapping can be used with PUSCH repetition Type B for lengths 2, 4, or 8 with minimum impact on specifications. 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: Use inter-slot OCC with PUSCH repetition Type A for lengths 2, 4, or 8.
Proposal 2: Use inter-symbol OCC with continuous symbols and PUSCH repetition Type B.
[bookmark: OLE_LINK5][bookmark: _Hlk162978470]The OCC mapping assume that for each OCC “bit”, the contents should be the same. This means that the PUSCH Scrambling should be the same for each repetition / slot. This requires significant change to the specifications with higher complexity.

Proposal 3: OCC scheme requires PUSCH scrambling should be the same for each repetition / slot.

Mapping of OCC in Frequency-Domain:
The mapping of OCC in Frequency-Domain (FD) within a symbol was discussed in RAN1#116. Consider a comb-like structure where two UEs can be frequency division multiplexed with each UE using every other sub-carriers. Such OCC FD mapping would result in a twofold increased BW usage and a likely resulting link budget loss due to a doubling of the UL transmission bandwidth. For example, assuming 2 RBs are needed for a voice packet @ 4.75 kbps, then 4 RBs will be used for the transmission with such scheme and result in a 3 dB link loss. 
If more than 4 RBs are used to transmit the voice packet, the loss will increase by 3 dBs every time the number of RBs double. A further loss will be incurred due to the UE transmitting in a shorter time duration. If the voice packet is transmitted in a single symbol, a loss in the order of 10 dBs or more will be added. 
The other way is that all the symbols in a slot ware used to “carry” the 208 bits and the 16-bit CRC for the voice packet. The main difference in such a scheme is the spreading is done in frequency domain, which will have significant impact on the specifications and be much more complex than using a TD OCC scheme as previously discussed in this section, or consider Transport Block over Multiple Slots (TBoMS) with TD OCC. For example, there may be marginal gains if any in multiplexing two UEs using FD pre-DFT OCC within a symbol and use several symbols to transmit a voice packet, each with a 2RB-2slot comb, and using TD OCC with Transport Block over Multiple Slots (TBoMS) with 1 RB-2 slots per UE. The latter having relatively much less impact on specifications than the former.
[bookmark: OLE_LINK10][bookmark: OLE_LINK13]
Observation 2: The mapping of OCC in Frequency-Domain (FD) within a symbol and a comb-like structure requires larger transmission bandwidth with a 3 dB link loss assuming all symbols in a slot are used to transmit a voice packet @ 4.75 kbps, and at least 10 dB additional loss if only one or several symbols are used.
Observation 3:	Intra-symbol pre-DFT OCC with all symbols in a slot used to transmit a voice packet @ 4.75 kbps has marginal benefits compare to using Time-Domain OCC with Transport Block over Multiple Slots (TBoMS).
Observation 4: The TBS calculation and Rate Matching (RM) for Frequency Domain pre-DFT OCC (comb-structure) within symbol will require some discussions in RAN1:
· Using legacy rules for TBS calculation and RM is inefficient and has likely performance loss (each slot will lose half of the coded bits)
· New rules to consider TBS and Rate Matching design for OCC has high impact on specifications
[bookmark: OLE_LINK11]
Evaluation of Link Performance of OCC Schemes
[bookmark: OLE_LINK6]For a fair comparison, MCS is constant for OCC and non-OCC cases. PUSCH repetition is adjusted by OCC length to equalize time and frequency resources. A TB is distributed over multiple slots to keep TBS consistent across schemes. Resource mapping for PUSCH in baseline and OCC schemes is shown below.

[image: ]
[bookmark: OLE_LINK7]
The link level simulation parameters for evaluating OCC performance are detailed, with key settings including a TBS of 208 for a 184 bits payload at AMR 4.75kbps, single-symbol DMRS without bundling, 2 PRB with MCS 11, and a maximum repetition number of 16, all without timing drift. These parameters are crucial for assessing the efficacy of OCC schemes under specific conditions.
[bookmark: OLE_LINK16]The link performance of  inter-slot OCC mapping was simulated as shown in Figure 1. The parameters used in the simulation were as agreed in RAN1#116 and are include in the Annex for convenience. Results show that inter-slot OCC with OCC length = 2 has minimal performance loss compared to non-OCC UE, requiring only 0.7dB more SNR for the same BLER. Additionally, OCC UEs achieve higher throughput, benefiting from multiplexing UEs.

[bookmark: OLE_LINK15][image: ]
[bookmark: OLE_LINK12]Figure 1: Link-level Performance of inter-slot OCC

The inter-slot OCC scheme with occ-length=2 shows a minimal performance degradation compared to a single UE without OCC. While the non-OCC UE achieves a 2% BLER at -2.79dB SNR, the OCC UE requires -2.33dB, indicating a slight 0.46dB SNR increase for the same BLER. This would suggest the inter-slot OCC scheme in maintaining close to baseline performance. 
[bookmark: OLE_LINK8]
Observation 5: The inter-slot OCC scheme with occ-length=2 incurs only a 0.46dB SNR penalty at 2% BLER compared to a single UE without OCC, showcasing its effectiveness with minimal performance impact.
[bookmark: OLE_LINK18]
Observation 6: The inter-slot OCC scheme with occ-length=2 and fixed RV0 incurs 1.93 dB SNR penalty at 2% BLER compared to using RV cycling.

Proposal 4: PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and RV cycling is used in Time-Domain OCC mapping inter slot and inter symbol.

The aggregated throughput is measured by adding the TBS of each successfully decoded PUSCH to the total throughput, and shown in Figure 2. In our analysis, we compare the throughput of a single UE without OCC to that of a UE with inter-slot OCC and occ-length=2. The results indicate that the UE with inter-slot OCC and occ-length=2 achieves higher throughput than the single UE without OCC when repetitions are needed to close the UL link budget, benefiting from the multiplexing gain.

[bookmark: OLE_LINK9]Observation 7: Inter-slot OCC with occ-length=2 enhances throughput over non-OCC single UE  
 when repetitions are needed to close the UL link budget.

[image: ]
Figure 2: Aggregated throughput for inter-slot OCC

Annex

	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
	208 bits for the 184 bits payload @AMR 4.75kbps

	DMRS configuration / port / bundling
	1 port per UE / DMRS positions for single-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]. / No DMRS Bundling.

	PRBs/MCS
	2 PRB / MCS 11 in MCS Table 6.1.4.1-2 in [TS 38.214]

	Max repetition number
	16

	OCC length 
	2

	OCC sequence
	Walsh sequences in Table 6.3.2.6.3-1 in TS38.211

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	TO
	Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts

	FO
	Uniform selection from [-0.1 ppm, +0.1 ppm]

	Timing drift 
	No

	Receiver algorithm
	MMSE

	Channel estimation
	Real channel estimation



Conclusion
In this contribution, we have the following observations and proposals:

Mapping of OCC in Time-Domain:
Observation 1: The orthogonality of OCC codes with Time Domain inter-slot OCC mapping or inter-symbol OCC mapping with OCC code length up to 8 can be maintained assuming max timing drift <=  0.8 us which is a fraction of CP length.
Proposal 1: Use inter-slot OCC with PUSCH repetition Type A for lengths 2, 4, or 8.
Proposal 2: Use inter-symbol OCC with continuous symbols and PUSCH repetition Type B.
Proposal 3: OCC scheme requires PUSCH scrambling should be the same for each repetition / slot.

Mapping of OCC in Frequency-Domain:
Observation 2: The mapping of OCC in Frequency-Domain (FD) within a symbol and a comb-like structure requires larger transmission bandwidth with a 3 dB link loss assuming all symbols in a slot are used to transmit a voice packet @ 4.75 kbps, and at least 10 dB additional loss if only one or several symbols are used.
Observation 3:	Intra-symbol pre-DFT OCC with all symbols in a slot used to transmit a voice packet @ 4.75 kbps has marginal benefits compare to using Time-Domain OCC with Transport Block over Multiple Slots (TBoMS).
Observation 4: The TBS calculation and Rate Matching (RM) for Frequency Domain pre-DFT OCC (comb-structure) within symbol will require some discussions in RAN1:
· Using legacy rules for TBS calculation and RM is inefficient and has likely performance loss (each slot will lose half of the coded bits)
· New rules to consider TBS and Rate Matching design for OCC has high impact on specifications

Evaluation of OCC Schemes: 
Observation 5: The inter-slot OCC scheme with occ-length=2 incurs only a 0.46dB SNR penalty at 2% BLER compared to a single UE without OCC, showcasing its effectiveness with minimal performance impact.
Observation 6: The inter-slot OCC scheme with occ-length=2 and fixed RV0 incurs 1.93 dB SNR penalty at 2% BLER compared to using RV cycling.
Proposal 4: PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and RV cycling is used in Time-Domain OCC mapping inter slot and inter symbol.
Observation 7: Inter-slot OCC with occ-length=2 enhances throughput over non-OCC single UE  
 when repetitions are needed to close the UL link budget.
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