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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RANP#102, a WID on enhancement to NR NTN is approved, where a new study, offering optimized capacity performance on uplink through multiplexing techniques, was agreed. The objectives for uplink capacity/throughput enhancement for FR1-NTN are as following:
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) [RAN1, RAN2, RAN4]
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design
In this contribution, we mainly discuss about the aspects related to selection of the OCC techniques to improve uplink capacity/throughput.
2 [bookmark: _Hlk158711395]Discussion 
To enhance the uplink capacity/throughput, OCC may be used for PUSCH where multiple UEs would use the same (overlapping) time and frequency domain resources but are orthogonal in code domain. In RAN WG1 #116-bis meeting, it was agreed that 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

To correctly apply OCC for all of the above-mentioned cases, repetition of PUSCH data to the times of OCC length may be needed, that may require low to high specification impact for the above mentioned schemes. One of the selection criteria to down select a scheme should be the prioritization of a scheme that has less specification impact and at least utilizes the legacy resource allocation procedure with minimal changes. Therefore, these schemes should be studied for both dynamic grant and configured grant-based scheduling procedures and these procedures should be considered as baseline for capacity enhancement.
Proposal 1: OCC schemes should be studied by considering legacy dynamic grant and configured grant-based resource allocation procedures as baseline.
 In the following, we discuss the above-mentioned schemes.
2.1 Inter-slot OCC (across slots)
By employing inter-slot OCC scheme, PUSCH data of multiple UEs is multiplexed across slot level on top of slot-level repetitions, e.g., using PUSCH with Type A repetitions. Such scheme may offer a straightforward implementation of OCC with minimal specification impact, as PUSCH repetition is already supported. Moreover, the existing transport block size (TBS) determination may be reused. 
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Figure 1: Illustration of inter-slot OCC with repetition across slots for length 2
To correctly apply the OCC spreading across slots, the RV needs to be fixed, as illustrated in Figure 1. Using the legacy procedure, if PUSCH repetitions are scheduled by DCI, the RV for PUSCH repetitions would change according to [0,2,3,1] pattern. If OCC are to be applied for this scenario (PUSCH repetition with variable RVs), each slot would additionally be repeated up to OCC length that would eventually increase the overall time span for OCC, resulting in increased accumulated timing drift over this time span. This timing drift would degrade the performance and the gain may be minimal. One way may be to have fixed RV for OCC application as is the case in CG repetition, where repetitions would be equal to the length of OCC utilizing same RV value. Additionally, to counter the timing drift, shorter length OCC may be used for inter-slot scheme. Therefore, inter-slot OCC scheme may be more appealing as it has the minimal specification impact, and the timing drift issue may be compensated with the use of shorter length codes.
Proposal 2: RAN1 to support the inter-slot OCC (OCC across slots) with fixed redundancy version and shorter length codes.

2.2 [bookmark: _Hlk163068812]Intra-slot OCC (across OFDM symbols)
In intra-slot OCC scheme, each group of DFT-s-OFDM symbols in a PUSCH slot is repeated by the times of OCC length. Intra-slot OCC application may have better performance than inter-slot OCC as intra-slot OCC may not be as much prone to the timing drift impairment. However, it may have much more specification impact, as PUSCH resources are scheduled at slot level where a number of consecutive symbols are scheduled without any repetition. In order to apply OCC at symbol level, the symbols need to be repeated by the times of OCC length, thus TBS determination would change in such case and enhancements to rate-matching may be needed. Therefore, RAN1 may need to consider the specification impact versus the gain we get from this scheme.
Proposal 3: RAN1 to consider the intra-slot OCC as the candidate scheme for PUSCH by considering the specification impact of the scheme and only if the PUSCH performance gain is considerably high.
Another pertinent issue for the intra-slot scheme is that how the symbols are repeated and then mapped for OCC scrambling. There could be two scenarios for such mapping. In one case, the symbols are repeated continuously in a group by the times of OCC length within a slot. Basically, all symbols without repetitions are first mapped and then repeated as a group and OCC code from the sequence is applied to each group. Another possibility is to do the mapping in a way that one symbols is repeated before mapping of the next symbol and OCC are applied on these interlaced symbols. An example illustration of length 4 OCC sequence with these mapping types for PUSCH with 8 symbol allocation (excluding DMRS) is shown in Figure 2.
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Figure 2: Intra-slot symbol mapping for OCC application
Basically, all UEs, for whom uplink data is to be multiplexed, need to apply the same mapping pattern for correct decoding of OCC at the receiver. Thus, UE must have the knowledge of the mapping pattern to be applied. In addition, both mapping strategies may result in different performance gains. Therefore, RAN1 need to discuss the symbol mapping type for intra-slot OCC scheme.
Proposal 4: RAN1 to discuss and evaluate the symbol mapping types for intra-slot OCC application.
Intra-slot OCC scheme may also restrict the network flexibility to schedule the resources, as with intra-slot OCC, the network may only schedule the resources to the multiples of length of OCC. For example, if length 4 OCC are to be used with 4 DMRS symbols, then only 8 symbols may be used for uplink data transmission, where 2 symbols are repeated three times to apply OCC sequence. The network may not schedule additional two available symbols even if the network wants to, as the network is restricted by OCC length, hence restricting the network scheduling. One way may be to use the OCC lengths that are not multiple of 2 and for that DFT-based sequences may be a good candidate, e.g., variable length sequence for PUCCH format 1 may be reused. Another solution may be to use multiple lengths OCC in the same slot. For instance, using the same example scenario, additional two symbols may use length 2 OCC and out of 4 UEs, two UEs may additionally be code multiplexed in the remaining symbols. Different combinations may be realized, if multiple OCC lengths are to be used within the slot, thus providing the network with full flexibility to schedule the resources.
Proposal 5: For intra-slot OCC, consider the following methods to provide full flexibility to the network to schedule the resources.
· Variable length OCC sequences, e.g., DFT based sequences for PUCCH format 1.
· Multiple length OCC application in a slot

2.3 Intra-symbol OCC (within OFDM symbols)
According to the current specification, the resource allocation for the PUSCH in the frequency domain is based on resource block (RB) allocation. Applying the intra-symbol OCC at resource element (RE) level would have very high specification impact. Therefore, in our point of view, intra-symbol OCC scheme should be deprioritized until and unless, it has very high gain as compared to the other schemes.
[bookmark: _Hlk163071596]Proposal 6: RAN1 to deprioritize the intra-symbol OCC scheme.
3 Conclusion
In this contribution, we discussed about the aspects related to the selection of the OCC techniques to improve uplink capacity/throughput and our proposals are summarized as following:
Proposal 1: OCC schemes should be studied by considering legacy dynamic grant and configured grant-based resource allocation procedures as baseline.
Proposal 2: RAN1 to support the inter-slot OCC (OCC across slots) with fixed redundancy version and shorter length codes.
Proposal 3: RAN1 to consider the intra-slot OCC as the candidate scheme for PUSCH by considering the specification impact of the scheme and only if the PUSCH performance gain is considerably high.
Proposal 4: RAN1 to discuss and evaluate the symbol mapping types for intra-slot OCC application.
Proposal 5: For intra-slot OCC, consider the following methods to provide full flexibility to the network to schedule the resources.
· Variable length OCC sequences, e.g., DFT based sequences for PUCCH format 1.
· Multiple length OCC application in a slot

Proposal 6: RAN1 to deprioritize the intra-symbol OCC scheme.
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5 Annex
5.1 RAN1#116-bis meeting agreement
[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
· [bookmark: _Hlk166082004]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

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


5.2 RAN1#116 meeting agreement

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
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