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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



[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Down-selection of potential OCC techniques 
The following agreements were made in RAN1#116bis
[bookmark: _Hlk164098130]Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS

Inter-slot time-domain OCC with PUSCH repetition Type A:
Based on RAN1#116 agreement, the OCC code length can be 2 or 4. OCC length 8 is FFS.  The timing drift with Inter-slot OCC with OCC length up to 8 slots not likely to be significant (~ <= max 0.8 us << CP length). 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
	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).
[bookmark: OLE_LINK4]
[bookmark: _Hlk165564934]Inter-symbol(s) time domain OCC:
For inter-symbol(s) time domain OCC, our view is that it can be supported as a special case of PUSCH Repetition Type B where there can be one or several repetitions within a slot.
· OCC code of length N can be mapped to L symbols that are repeated up to N=32 times
· Number of symbols L and start symbol S  combinations are determined from configured by startSymbolAndLength in RRC message PUSCH-TimeDomainResourceAllocation (i.e. SLIV value)
PUSCH-TimeDomainResourceAllocation ::=  SEQUENCE {
    k2                                  INTEGER (0..7)                          
    mappingType                         ENUMERATED {typeA, typeB},
    startSymbolAndLength                BIT STRING (SIZE (7)) // SLIV  }
·  E.g. for PUSCH repetition Type B with position  S=0, there are 14 SLIV values with number of symbol L={1,…,14} that can be indicated in RRC configuration
· Consider examples of OCC length = 8 can be mapped to PUSCH repetition Type B with 8 repetitions:
· For single symbol with L=1, the max delay drift is 0.057 us (=8 * 1 ms / 14).
· For a cluster of symbols with L> 1 symbol, e.g. with L=8 symbols, the max delay drift is 0.46 us (=8 * 8 ms / 14). 
[bookmark: OLE_LINK5]
[bookmark: _Hlk165567972]Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4):
A comb-like structure where two UEs can be frequency division multiplexed with each UE using every other sub-carriers requires a twofold increased in UL transmission bandwidth with a 3 dB link budget loss. 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. 
We see no significant benefit of this OCC technique compared to inter-symbol OCC technique with SLIV value with L=1. The main difference with Intra-symbol pre-DFT-s OCC is the OCC is applied to repetition pre-DFT (i.e. in frequency domain). Hence, both OCC techniques should experience the same timing drift. With SLIV with S>1, the timing drift is still very small as was discussed in previous section.
To transmit a TBS that cannot fit within a single symbol with repetitions in the time domain (which would be the case for most TBS values), intra-symbol pre-DFT-s OCC will need to be applied over consecutive symbols in a slot. It is not clear whether the OCC applied in frequency domain can be justified considering the impact on the specifications and complexity.
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]
Down-selection of OCC Techniques:
Based on the above discussions, we make the following observations and proposals for down-selection of OCC techniques: 
[bookmark: _Hlk165568603][bookmark: OLE_LINK3]Observation 1:  Intra-symbol pre-DFT-s OCC with a comb-like structure and inter-symbol OCC technique based on PUSCH repetition Type B with SLIV value with L=1 and repetition across symbols or L>1 and repetition across symbol clusters are similarly robust to timing drift.
Observation 2: Intra-symbol pre-DFT-s OCC with a comb-like structure requires doubling of transmission bandwidth and has high impact on specification and complexity than inter-symbol OCC technique based on PUSCH repetition Type B with SLIV value with L=1 and repetition across symbols or L>1 and repetition across symbol clusters.
Proposal 1: Prioritize inter-slot OCC with PUSCH repetition Type A for lengths 2.
Proposal 2: Inter-symbol(s) time domain OCC based on PUSCH repetition Type B is second priority with: 
· SLIV value with L=1 and repetition across symbols 
· SLIV value with L>1 and repetition across symbol clusters  
[bookmark: OLE_LINK11]Proposal 3: De-prioritize intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4.

[bookmark: _Hlk165571116]Signalling aspects of PUSCH with OCC
The following agreements were made in RAN1#116bis
Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects

TBS calculation / Rate matching: We see minimum impact on specifications of TBS calculation / Rate matching for inter-slot time-domain OCC with PUSCH repetition Type A and inter-symbol(s) time domain OCC (with PUSCH Repetition Type B) as the existing rules can be applied.  However, the TBS calculation and Rate Matching (RM) for Frequency Domain pre-DFT OCC (comb-structure) within symbol will require some discussions in RAN1 since (i) Using legacy rules for TBS calculation and RM is inefficient and has likely performance loss (each slot will lose half of the coded bits); (ii) New rules to consider TBS and Rate Matching design for OCC has high impact on specifications.
[bookmark: _Hlk166163542]UCI multiplexing: TS  38.214 Clause 5.2.3 specifies aperiodic CSI reporting using PUSCH on serving cell triggered by DCI format 0_1 or DCI format 0_2. CSI reporting on PUSCH can be multiplexed with uplink data on PUSCH. TS 38.214 Section 6.1.2.1 specifies CSI  is only multiplexed on the first actual repetition for PUSCH repetition Type A and Type B.  Applying OCC across slots may not preserve orthogonality across multiplexed UEs as the PUSCH repetitions do not contain the same information/structure as the PUSCH repetition carrying the UCI. To support PUSCH with OCC in Rel-19 NTN, the legacy UCI multiplexing principle should be kept as much as possible to avoid high impact on the specifications.
RV cycling across repetitions: PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block need to be used for all the considered OCC techniques, as each of these OCC techniques require repetition. We have preference for RV cycling to be used across OCC blocks as our evaluation showed this provides best performance.
Frequency hopping: Intra-slot and inter-slot frequency hopping can be used with minimum impact on the specifications for Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B) and Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4). The interval of frequency hopping for inter-slot frequency hopping should be extended to every OCC block length (i.e. OCC-length slots) for Inter-slot time-domain OCC with PUSCH repetition Type A.
OCC indication/configuration: Dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH need to be further discussed in RAN1. It would be preferable to support only one OCC technique with some compromise. In case more than one OCC technique is specified, indication of the OCC technique seems is necessary to ensure UE and gNB have same understanding. RAN1 should first conclude on down-selection of potential OCC techniques before discussing OCC indication/configuration. 

Summary of signaling aspects for OCC techniques:
We summarized the above discussions on signaling aspects in observations and make the following proposals below:
Observation 3: The potential specification aspects on OCC techniques signaling are summarized as follows: 
	OCC Techniques
	[bookmark: _Hlk165640177]Inter-slot time-domain OCC with PUSCH repetition Type A
	Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B)
	[bookmark: _Hlk165639725]Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)

	TBS calculation / Rate matching
	Low
	Low
	High

	UCI multiplexing
	Medium
	Medium
	High

	RV cycling across repetitions
	Medium
	Medium
	High

	Frequency hopping, e.g. intra /inter slot
	High
	Low
	Low

	OCC indication/configuration
	Medium
	Medium
	Medium



Observation 4: TBS calculation / Rate matching can be re-used with minimum impact on specifications for Inter-slot time-domain OCC with PUSCH repetition Type A and Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B
Observation 5: TBS calculation and Rate Matching (RM) for Frequency Domain pre-DFT OCC (comb-structure) within symbol will require some discussions in RAN1 since (i) Using legacy rules for TBS calculation and RM is inefficient and has likely performance loss (each slot will lose half of the coded bits); (ii) New rules to consider TBS and Rate Matching design for OCC has high impact on specifications.
Proposal 4: For the UCI multiplexing with OCC, RAN1 can discussed CSI is reported in first actual repetition of PUSCH and repeated for the subsequent PUSCH repetitions.
[bookmark: _Hlk165640267]Proposal 5: Support PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and use RV cycling across OCC blocks for Inter-slot time-domain OCC with PUSCH repetition Type A and Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B)
Proposal 6: The interval of frequency hopping for inter-slot frequency hopping is extended to every OCC block length (i.e. OCC-length slots) for Inter-slot time-domain OCC with PUSCH repetition Type A.
Proposal 7: RAN1 should first conclude on down-selection of potential OCC techniques before discussing OCC indication/configuration.
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. 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 bits 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 20, 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. It can be observed that inter-slot OCC with OCC length = 4 cannot achieve the 2% BLER target within a reasonable SNR region.
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 -3.6 dB SNR, the OCC UE requires -3 dB, indicating a small 0.6 dB SNR increase for the same BLER. This would suggest the inter-slot OCC scheme can maintain close to baseline performance. 
[bookmark: OLE_LINK24]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. Note that the result of occ-length = 4 is not applicable because the BLER performance cannot satisfy the 2% BLER requirement.
[bookmark: OLE_LINK14]Observation 7: For PUSCH for VoIP:
· Inter-slot OCC scheme with occ-length=2 incurs only a 0.6dB SNR penalty at 2% BLER compared to a single UE without OCC.
· Inter-slot OCC scheme with occ-length=4 cannot achieve 2% BLER performance target. 
[bookmark: OLE_LINK19]Observation 8: The aggregated throughput for inter-slot OCC with occ-length=2 can be twice as large as that for non-OCC single UE when repetitions are used.
Proposal 8: Support inter-slot OCC with occ-length 2 when repetitions are needed to close the UL link budget.
[image: ]

[bookmark: OLE_LINK15]







[bookmark: OLE_LINK12]Figure 1: Link-level Performance of inter-slot OCC for VoIP 


Annex
The following agreements were made to adopt the tables below for assumptions for KPIs 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








		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







		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







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

Down-selection of OCC Techniques:
Observation 1:  Intra-symbol pre-DFT-s OCC with a comb-like structure and inter-symbol OCC technique based on PUSCH repetition Type B with SLIV value with L=1 and repetition across symbols or L>1 and repetition across symbol clusters are similarly robust to timing drift.
Observation 2: Intra-symbol pre-DFT-s OCC with a comb-like structure requires doubling of transmission bandwidth and has high impact on specification and complexity than inter-symbol OCC technique based on PUSCH repetition Type B with SLIV value with L=1 and repetition across symbols or L>1 and repetition across symbol clusters.
Proposal 1: Prioritize inter-slot OCC with PUSCH repetition Type A for lengths 2.
Proposal 2: Inter-symbol(s) time domain OCC based on PUSCH repetition Type B is second priority with: 
· SLIV value with L=1 and repetition across symbols 
· SLIV value with L>1 and repetition across symbol clusters  
Proposal 3: De-prioritize intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4.

Signalling aspects of PUSCH with OCC:
Observation 3: The potential specification aspects on OCC techniques signaling are summarized as follows: 
	OCC Techniques
	Inter-slot time-domain OCC with PUSCH repetition Type A
	Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B)
	Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)

	TBS calculation / Rate matching
	Low
	Low
	High

	UCI multiplexing
	Medium
	Medium
	High

	RV cycling across repetitions
	Medium
	Medium
	High

	Frequency hopping, e.g. intra /inter slot
	High
	Low
	Low

	OCC indication/configuration
	Medium
	Medium
	Medium



Observation 4: TBS calculation / Rate matching can be re-used with minimum impact on specifications for Inter-slot time-domain OCC with PUSCH repetition Type A and Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B
Observation 5: TBS calculation and Rate Matching (RM) for Frequency Domain pre-DFT OCC (comb-structure) within symbol will require some discussions in RAN1 since (i) Using legacy rules for TBS calculation and RM is inefficient and has likely performance loss (each slot will lose half of the coded bits); (ii) New rules to consider TBS and Rate Matching design for OCC has high impact on specifications.
Proposal 4: For the UCI multiplexing with OCC, RAN1 can discussed CSI is reported in first actual repetition of PUSCH and repeated for the subsequent PUSCH repetitions.
Proposal 5: Support PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and use RV cycling across OCC blocks for Inter-slot time-domain OCC with PUSCH repetition Type A and Inter-symbol(s) time domain OCC (with PUSCH Repetition Type B)
Proposal 6: The interval of frequency hopping for inter-slot frequency hopping is extended to every OCC block length (i.e. OCC-length slots) for Inter-slot time-domain OCC with PUSCH repetition Type A.
Proposal 7: RAN1 should first conclude on down-selection of potential OCC techniques before discussing OCC indication/configuration.

Evaluation of OCC Schemes: 
Observation 6: For PUSCH for VoIP:
· Inter-slot OCC scheme with occ-length=2 incurs only a 0.6dB SNR penalty at 2% BLER compared to a single UE without OCC.
· Inter-slot OCC scheme with occ-length=4 cannot achieve 2% BLER performance target. 
Observation 7: The aggregated throughput for inter-slot OCC with occ-length=2 can be twice as large as that for non-OCC single UE when repetitions are used.
Proposal 8: Support inter-slot OCC with occ-length 2 when repetitions are needed to close the UL link budget.
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