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[bookmark: _Ref513464071]Introduction
In RAN #102 meeting, the WI for R19 NR NTN for Phase 3 [1] is approved.
For UL capacity enhancement, NTN phase 3 has an objective to improve the UL capacity/throughput. The justification for this objective is in the following: 
	2) [bookmark: _Hlk158290424]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.



This justification is linked to the following objective:
	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


 The following agreements were reached in RAN1#116 [2] meeting:
	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






This document discusses some aspects of uplink capacity and throughput enhancements for NR NTN operation.
Uplink Capacity/Throughput Enhancements for NTN

Need for Uplink Capacity Enhancement
Wide Beams in Satellites:
For satellite based communications, due to large distance between the satellites and the devices on the earth, the beams become very wide. Thus, cell coverage spans many dozens of kms for LEO and may even span hundred of kms for GSO.
Large Number of UEs per Beam:
Due to large coverage per satellite beam, and the exploding number of devices with varying capabilities and categories, the number of devices per beam may be very large. This amounts to very limited resource availability per device in NTN networks.
Support of Low-cost IoT Type of Devices (e.g. RedCap):
NTN networks already support IoT operation, based upon NB-IoT and MTC devices. Rel-19 has in its objective the support for NR based RedCap devices. This trend leads to a large number of devices, many thousands per sq km present in the coverage of a satellite beam. 
Spectrum Scarcity:
Although NTN is supporting new device categories and new device types, the spectrum available for these devices is not scaling up. Thus, to avoid spectrum being bottleneck for communication in NTN, the devices need to be simultaneously supported for UL transmissions which is one of the major use cases in NTN.

Observation 1: Wide satellite beams, large number of UEs, IoT support and spectrum scarcity all lead to very limited uplink resource availability per UE for uplink transmission.

Uplink Coverage Enhancements with large number of repetitions:
Due to limited Tx power of the devices and very large propagation distance, the uplink channels have always been considered a bottleneck for NTN networks. 
In the Coverage Enhancement WID for Release-17, the number of repetitions for PUSCH Type A were increased to 32 to improve the uplink coverage. Release-17 coverage enhancement also specified the feature of transport block processing over multiple slots, so-called TBoMS. In parallel, joint channel estimation from DMRS transmitted in multiple slots was enabled, within a feature called DMRS bundling for PUSCH. The possibility to perform MSG-3 repetition during RACH procedure was also specified in this work.

For NR NTN Rel-18, PUCCH repetitions for MSG-4 HARQ Ack were standardized. For PUSCH, the specification already supports the number of repetitions up to 32 from coverage enhancement WID of Release-17. Rel-18 NTN work specified support for DMRS bundling to improve the channel estimation and uplink coverage for PUSCH.
[bookmark: _Hlk158904985]Observation 2: Uplink enhancements standardized in Rel-17 Coverage Enhancement WID and Rel-18 NTN WIDs may lead to a large number of PUSCH repetitions, resulting in very poor uplink throughput and capacity. 

Uplink Capacity Enhancement via OCC
Rel-19 WID for NTN phase 3 [1] has specified the objective of uplink capacity enhancement through the use of orthogonal cover codes if found beneficial. 
First of all, it would be important to highlight that the uplink capacity enhancement would be very useful for both dynamic grant and configured grant scenarios. As it was pointed out by some companies during the RAN #102 [3] NTN scoping discussions that with increase of UL capacity DL control may become bottleneck to support the increased UL capacity. Thus, configured grant types of transmission will become very relevant to avoid DL control capacity crunch.

Proposal 1: Uplink capacity enhancements are supported for both dynamic grant and configured grant types of uplink transmissions.

The OCC signaling can be different depending upon the type of UL transmission. For dynamic grant, the dynamic OCC signaling can be supported. For CG Type 1 where RRC activation is employed, the necessary parameters for OCC have to be embedded as part of RRC configuration. For CG Type 2 where DCI activates a pre-configured RRC configuration, hybrid solutions can be envisaged.

Proposal 2: The signaling for OCC can be dynamic and/or semi-static. The use of dynamic vs semi-static can be based upon the type of uplink PUSCH transmission.

In the following, we discuss the potential granularities for OCC application to PUSCH transmissions:
Inter-Slot OCC:
In one OCC design, an OCC of suitable length can be applied at slot level. In this design, a UE will prepare a slot based transmission. Then multiple repetitions of this slot are transmitted after application of OCC code coefficient to each slot-based repetition. The application of OCC sequence at slot level will require that the underlying channel over slot data expanded through OCC does not change significantly. For GSO satellites, where the satellite position stays fixed w.r.t. a given location on earth, the channel has larger time coherence and can be a suitable scenario for application of slot based OCC. Even for LEO satellites, despite very high speed of satellites, the channel variations could be limited due to large propagation distance and may enable the application of inter-slot OCC.

[bookmark: _Hlk163135335][bookmark: _Hlk158905438]Proposal 3: Inter-slot OCC is used for slot based PUSCH repetitions. 

For TBoMS based PUSCH transmission, OCC can be applied on the basis of set of slots carrying one TBoMS repetition. A given TBoMS repetition will then be repeated with OCC sequence coefficients.

Intra-Symbol and Inter-Symbol OCC: 
An OCC of suitable length can be applied at intra-symbol level to increase the uplink capacity by allowing multiple UEs to share a time frequency resource. Each UE will then apply its assigned/allocated OCC at sub-symbol level, doing the expansion of fewer REs/symbols by the use of OCC. 
In one variation, an OCC of suitable length can be applied at symbol level. In this design, a UE will duplicate one symbol multiple times, where each duplication is multiplied by the OCC coefficient. When multiple UEs will perform this OCC expansion for their transmissions, the gNB Rx will be able to identify and separate their transmission by reverse application of their relevant OCCs. For inter-symbol OCC to allow orthogonalization among multiple UEs, the channel should not change significantly over duplicated symbols obtained by OCC expansion of a given symbol. 
It would be important to note that RE level repetition needed for intra-symbol OCC and symbol level repetition needed for inter-symbol OCC may require considerable specification effort. The reason is that contrary to slot based repetitions which are already part of the specification, RE/symbol level repetitions are not part of the current design and 3GPP specifications. Thus, RE level or symbol level repetitions need to be introduced to enable intra-/inter-symbol OCC application which may require specification support for the data mapping rules and transport block size determination for various OCC techniques. The biggest impact with intra- and inter-symbol OCC repetitions may be in relation to UCI multiplexing rules. The UCI multiplexing issue is discussed in further detail in the next section.
Observation 3: Intra-symbol and inter-symbol OCC based PUSCH transmissions can involve higher specification impact and effort compared to inter-slot OCC based PUSCH transmissions.

OCC based PUSCH Transmissions and UCI
With a scheduled/configured PUSCH transmissions if the UE needs to transmit UCI over PUCCH in the same slot, the UE multiplexes UCI over PUSCH instead. Different parts of UCI are multiplexed over different set of PUSCH allocated resource elements according to the 3GPP defined rules. As an example, HARQ ACK bits are multiplexed over the first PUSCH symbol following the first DMRS symbol, and the CSI bits are multiplexed starting the first symbol allocated for PUSCH transmission. With the UE transmitting OCC based PUSCH transmissions, the PUSCH modulated symbols (or resource elements) should be the same over the application period of the whole OCC sequence. This may have an impact on PUSCH decoding probability. If large UCI is multiplexed over multiple PUSCH slots, e.g., for the case of inter-slot OCC based PUSCH transmissions, it may degrade PUSCH quality due to reduced number of REs available for data transmission. 
One major impact is on the UCI multiplexing aspects for OCC based PUSCH transmissions. For inter-slot OCC based PUSCH transmissions, PUSCH repetitions against an OCC sequence all need to be transmitted with UCI multiplexed symbols. This may have additional timing restrictions on when UCI becomes available to the UE, e.g., the UCI becoming available to the UE after its first PUSCH preparation time prior to the first allocated slot may not be transmitted. Another aspect is what UE will do if during the PUSCH repetitions slots, UCI needs to be transmitted in two or more times, given that PUSCH transmission may span up to 32 slots or even more for TDD systems. 
For sub-slot OCC application including intra-symbol and inter-symbol OCC based PUSCH transmissions, the current rules for UCI multiplexing over PUSCH may not be sufficient. As an example, if the first allocated symbol for PUSCH and the first allocated symbol after DMRS are within OCC length, it’s not clear how HARQ ACK and CSI may be multiplexed. Thus, re-defining the UCI multiplexing rules for various scenarios covering different OCC lengths, different amounts of HARQ and CSI bits may be quite challenging and involve significant complexity and specification effort.
[bookmark: _Hlk163135461]Observation 4: Re-defining the UCI multiplexing rules for OCC based PUSCH transmissions may involve significant complexity and specification effort. 

In the following, we discuss some strategies which may simplify UCI multiplexing for OCC based PUSCH transmissions.
Disabling HARQ Feedback:
One technique to simplify the UCI multiplexing in combination with OCC based PUSCH transmissions may be to disable HARQ feedback. The UEs may be configured to disable HARQ feedback for the DL HARQ processes. Given that NR NTN already supports HARQ processes configured with HARQ ACK enabled or disabled, the UEs may disable HARQ-ACK feedback for the DL HARQ processes with activated HARQ. The UE based HARQ de-activation can be based on predetermined conditions (e.g., OCC length)

[bookmark: _Hlk163135565]Proposal 4: Support UE based de-activation of HARQ feedback for OCC based PUSCH transmissions. 

UCI Transmission via Higher Layer Signalling:
Instead of re-defining the UCI multiplexing rules, a simpler strategy can be adopted for UCI transmission when a UE is transmitting OCC based PUSCH transmissions. One such strategy can be to transmit UCI via higher layer signaling. When a UE is configured to perform OCC based PUSCH transmission and UCI transmission overlaps with the PUSCH, the UE may transmit UCI via higher layer signaling. Note that UCI transmission via a higher layer signalling has been supported for NB-IoT. Considering long propagation delay in NTN, additional latency of UCI reporting due to L2 signaling may not lead to a noticeable performance degradation especially for the coverage limited UE. UCI transmission in this case can use MAC based transmission through the design of a UCI MAC-CE. 

[bookmark: _Hlk163135583]Proposal 5: UCI is transmitted via higher layer signalling when UCI overlaps with an OCC based PUSCH transmission. 

It would be important to highlight that UCI transmission via higher layer signaling can be advantageous for all types of OCC. For intra- and inter-symbol OCC based PUSCH transmissions, this may avoid re-defining the UCI multiplexing rules. For inter-slot OCC based PUSCH transmission, this may simplify the processing and specification effort by avoiding the case of two UCI transmission occasions overlapping an OCC based PUSCH transmission. 

OCC based PUSCH Transmissions and TBoMS

TB processing over multiple slots (TBoMS) was standardized for UL coverage enhancement purpose. TBoMS PUSCH transmission can be useful in NR NTN. TBoMS allows a mechanism to spread a single TB transmission over multiple slots. This has the advantage for UL coverage enhancements when the resource in each slot may not be good enough to transport one repetition. On the other hand, TBoMS makes the repetitions longer and the system spectral efficiency may degrade. 

For the sub-slot based OCC applications, e.g., inter-symbol or intra-symbol OCC based PUSCH transmissions, if the UE has to transmit one repetition of a TB every slot, the number of effective Res per slot reduces in direct proportion to the length of OCC. Larger the length of OCC, higher the repetition factor due to OCC within a slot, and smaller the number of Res which will carry independent encoded bits. This will result in each RV being transmitted with insufficient parity bits.

[bookmark: _Hlk163136100]Observation 5: Sub-slot OCC based PUSCH transmissions will result in less parity bits being repeated in each PUSCH repetition. 

For these sub-slot OCC based PUSCH transmissions, this issue may be overcome by configuring OCC based PUSCH with TBoMS. The UE may be configured with the TBoMS length in number of slots equal to the OCC length. The UE may follow TB size determination as if no TBoMS is configured but the actual OCC based PUSCH transmission follows TBoMS. In this way, reduction in the parity transmission per slot due to RE or symbol level OCC repetitions gets compensated by the TB processing over larger number of slots.

[bookmark: _Hlk163136115]Proposal 6: Support OCC based PUSCH transmissions with TBoMS where OCC length is equal to the TBoMS length in number of slots. 

Conclusions
In this contribution, the following observations are made for NR NTN UL capacity enhancements:
Observation 1: Wide satellite beams, large number of UEs, IoT support and spectrum scarcity all lead to very limited uplink resource availability per UE for uplink transmission.
Observation 2: Uplink enhancements standardized in Rel-17 Coverage Enhancement WID and Rel-18 NTN WIDs may lead to a large number of PUSCH repetitions, resulting in very poor uplink throughput and capacity.
Observation 3: Intra-symbol and inter-symbol OCC based PUSCH transmissions can involve higher specification impact and effort compared to inter-slot OCC based PUSCH transmissions.
Observation 4: Re-defining the UCI multiplexing rules for OCC based PUSCH transmissions may involve significant complexity and specification effort. 
Observation 5: Sub-slot OCC based PUSCH transmissions will result in less parity bits being repeated in each PUSCH repetition. 

The observations and the discussion in this document have lead to the following proposals:
Proposal 1: Uplink capacity enhancements are supported for both dynamic grant and configured grant types of uplink transmissions.
Proposal 2: The signaling for OCC can be dynamic and/or semi-static. The use of dynamic vs semi-static can be based upon the type of uplink PUSCH transmission.
Proposal 3: Inter-slot OCC is used for slot based PUSCH repetitions. 
Proposal 4: Support UE based de-activation of HARQ feedback for OCC based PUSCH transmissions. 
Proposal 5: UCI is transmitted via higher layer signalling when UCI overlaps with an OCC based PUSCH transmission. 
Proposal 6: Support OCC based PUSCH transmissions with TBoMS where OCC length is equal to the TBoMS length in number of slots.
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