3GPP TSG RAN WG1 #106bis		R1-2402995
Changsha, China, April 15th – 19th, 2024

Source:	Panasonic
Title: 	Uplink capacity/throughput enhancement for NR-NTN
Agenda Item:		9.11.3
Document for:	Discussion
Introduction
Rel.19 Work item for Non-Terrestrial Networks (NTN) for NR Phase 3 was approved in RAN#102 [1]. One of the topics for NR-NTN enhancements is UL capacity/throughput enhancement. Objectives on UL capacity/throughput enhancement in the WID description is as follows.  
	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


This document provides our view on UL capacity/throughput enhancement. 
Discussions  
For NTN with handheld terminal, e.g. smart phone, uplink transmission typically uses repetition because of the large propagation loss between UE and satellite. On the other hand, the time and frequency resources used for the transmission is proportional to the number of repetitions. Therefore, the capacity is decreased. Use of OCC (Orthogonal Cover Code) allows multiple UEs to transmit simultaneously on the same RB, and thus improves the capacity and/or throughput. 
The multiplexing capacity (i.e. number of UEs on the same time and frequency resource) can be increased by using longer OCC length. However, the multiplexing capacity is limited by the DMRS multiplexing capacity. Note that the scope is OCC application DFT-s-OFDM PUSCH and DMRS enhancement is out of scope. The multiplexing capacity (i.e. number of UEs on the same time and frequency resource) is limited to min(OCC length, DMRS capacity). Therefore, supported OCC length should consider the DMRS capacity. 
Proposal 1: Supported OCC length should consider the DMRS capacity.
As discussed in Rel.18, the phase of the received signal is rotated in time domain due to the timing drift caused by the satellite movement for LEO. The orthogonality of the OCC from different UEs might be deteriorated by the phase rotation. On the other hand, in RAN1 discussion on Rel.18 DMRS bundling, the following working assumptions was [2] made, “For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.” Similarly, also for OCC it is reasonable to assume UE pre-compensation of the phase rotation due to timing drift. 
Proposal 2: UE pre-compensation of the phase rotation due to timing drift should be assumed for the OCC discussion like Rel.18 DMRS bundling. 

Three options on how to apply OCC for DFT-s-OFDM PUSCH are mentioned in the WID, i.e. across slots, across OFDM symbols and within an OFDM symbol. Features for each option is discussed below. 
Option 1: OCC across slots
PUSCH in a slot is repeated over multiple slots and multiplied with OCC. Unlike the “repetition” in Rel.15/16/17, the same data symbols (i.e. with same RV and same scrambling) are repeated in order to allow the signal separation using OCC. Similar to DMRS bundling, it is required to maintain the phase continuity over the OCC duration in order to keep the orthogonality between UEs. This option allows symbol coherent combining over slots before channel estimation. OCC and DMRS bundling could be used together because similar processing is performed for both PUSCH and DMRS.  
Possible OCC length (spreading factor) is limited due to the collision with PRACH resource. SRS and measurement gap also restricts the OCC length.
For the choice of the OCC method, UCI aspect should also be taken into account. With the existing UCI transmission, UCI is not repeated over multiple slots. UCI resource and data on different slots interferes each other in OCC de-spreading process as illustrated in Figure 1. Interference between UEs would also be problem. If the same UCI is transmitted on every OCC slot, orthogonality between UEs can be achieved, but UCI handling may become complex. At least timing related behavior (one of complicated part in NR spec) needs to be modified.
Observation 1: OCC across slots would have a problem on UCI transmission because UCI is transmitted only in the first slot of the repetition. 
[image: ]
[bookmark: _Ref158651604]Figure 1 OCC across slots (example of SF=4)
Note that in the current specification (TS38.213 section 9.2.6) when PUCCH repetition and PUSCH repetition are collided, PUSCH is dropped. But, when single PUCCH and PUSCH are collided, the UCI is transmitted on PUSCH. Because even when PUSCH repetition is used, PUCCH repetition may not be necessarily required, the case where single PUCCH and PUSCH repetition with OCC are collided should be a valid scenario. How to handle this case should be discussed. 

Option 2: Across OFDM symbols
After DFT spreading OFDM processing, generated OFDM symbol is repeated and multiplied with OCC within a slot. Because channel variation and phase rotation over the time period corresponding to OCC length (e.g. 4, 8, 12 OFDM symbols) is short, loss of the orthogonality would be small compared to the case with OCC across slots. 
Because the number of PUSCH OFDM symbols in a slot depend on the number of DMRS symbols and SRS symbols, possible OCC length is restrictive due to DMRS symbol and SRS symbol. OCC spread symbols does not fit into the available PUSCH symbols in a slot when available PUSCH symbols are not multiple of OCC length. For example, if DMRS configuration type 1 with single symbol and additional pos1 is used, 12 OFDM symbols are used for data in a slot. In this case, candidates of OCC length are 2, 3, 4, 6, 12. On the other hand, if DMRS Configuration type 1 with double symbol and additional pos1 is used, 10 OFDM symbols are used for data in a slot. In this case, candidates of OCC length are 2, 5, 10. In addition, candidate OCC length can vary depending on whether the SRS symbol(s) is configured in the slot. This would cause unacceptable complexity. Furthermore, DMRS configuration and the symbol positions of OCC needs to be aligned among OCC multiplexed UEs, which is also complexity of the network operation.
Regarding the UCI transmission, OCC multiplexing is possible for symbols containing UCI because OCC is applied after UCI multiplexing. 
Intra-slot frequency hopping may not work with OCC depending on number of available symbols and OCC length. 
Observation 2: OCC across OFDM symbol would have a problem on the setting of OCC length because possible OCC length depends on the number of PUSCH symbols in a slot, which is affected by DMRS configuration and/or SRS symbol(s). 
[image: ]
Figure 2 Across OFDM symbols (example of SF=4)

Option 3: Within an OFDM symbol
OCC is applied in the processing for generation of an (DFT-s-) OFDM symbol. For this option, although OCC multiplication before DFT-spreading (pre-DFT OCC) and OCC multiplication after DFT-spreading (post-DFT OCC) can be considered, OCC multiplication after DFT-spreading loses single carrier property of DFT-s-OFDM . Therefore, OCC before DFT-spreading should be considered for OCC within an OFDM symbol.
Proposal 3: For OCC within an OFDM symbol, OCC before DFT-spreading should be considered. 
For OCC before DFT-spreading, data symbols before DFT-spreading processing are repeated and multiplied with OCC as illustrated in Figure 3. 
Because OCC is applied within an OFDM symbol (i.e. short time period), loss of orthogonality due to the phase rotation would be negligible. The orthogonality can be deteriorated due to the frequency selective fading, but it would be also negligible for NTN where UL transmission bandwidth is narrow and LOS environment typically. 
With single RB allocation, possible OCC length are 2, 3, 4, 6 and 12. If RB allocation is based on 2RB unit, OCC length 8 is also possible. The restriction among OCC multiplexed UE would be the same OCC length is applied only within OCC multiplexed symbol, which is not so strict and friendly for the gNB scheduler.
Regarding the UCI transmission, OCC multiplexing is possible for symbols containing UCI because OCC is applied after UCI multiplexing. 
Intra-slot frequency hopping can work with OCC because OCC is applied within an OFDM symbol.
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[bookmark: _Ref158711682]Figure 3 Within an OFDM symbol (example of SF=4)

Comparison of OCC options from UCI, OCC length and intra-slot FH point of view is shown in Table 1. Among the three options, OCC within an OFDM symbol would be most preferable. 
[bookmark: _Ref158731724]Table 1 Comparison of OCC options
	[bookmark: _Hlk163218987]
	UCI multiplexing
	OCC length
	Intra-slot FH

	OCC across slots
	Interference between UCI and data can occur.
	Restricted by PRACH, SRS and/or measurement gap
	Possible 

	OCC across OFDM symbols
	Possible 
	Possible length depends on DMRS/SRS configuration
	Not working well depending on available symbols and OCC length

	OCC within an OFDM symbol
	Possible 
	Less restrictive
	Possible 



Proposal 4: OCC within an OFDM symbol would be most preferable from UCI, OCC length and intra-slot FH point of view. 

Preliminary simulation results
Link level simulations are conducted based on the evaluation assumptions agreed in RAN1#116. OCC across slots and OCC within an OFDM symbol are evaluated. To be fair comparison, the number of slots to be used to transmit a transport block are identical for both cases. Specifically, the same number of slots as OCC length is used. For OCC within an OFDM symbol, because TB size is reduced by a factor of OCC length, TBoMS is used to keep the same TBS as the case with OCC across slots. Impairments (Frequency offset and timing offset) are not modeled. 
Simulation assumptions and results are shown in Table 2 and Figure 4, respectively. OCC across slots, OCC within an OFDM symbol and repetition without OCC are compared. The simulation results show the link performance is almost identical for both OCC options. The results also show the degradation from the case without UE multiplexing is negligible. 
[bookmark: _Ref163221914][bookmark: _Ref163221906]Table 2 Simulation assumptions 
	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 

	HARQ configuration 
	No HARQ

	TBS
	96 bits @Low data rate

	DMRS configuration / port / bundling
	DMRS positions for single-symbol DMRS for PUSCH mapping type A with ld=14, l0=2 and pos1 

	PRBs
	1 PRB

	OCC option
	OCC across slots, OCC within an OFDM symbol

	OCC length and #UEs
	OCC length 2 with 2 UE multiplexing
OCC length 4 with 4 UE multiplexing

	Number of slots
	OCC length 2: 2 slots
OCC length 4: 4 slots
For OCC within an OFDM symbol, TBoMS is used. 

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Impairment 
	Not modeled



[image: ]
[bookmark: _Ref163221924]Figure 4  Comparison of OCC across slots and OCC within OFDM symbol

Proposal 5: To be fair comparison, the number of slots used to transmit a transport block should be identical for all OCC options in the evaluation. TBoMS should be assumed for OCC within an OFDM symbol to keep the TBS irrespective of OCC length. 
Observation 3: With the same number of slots, BLER performance for OCC across slots and OCC within an OFDM symbol are almost same in case of no impairment.   

Conclusion 
In this contribution, UL capacity/throughput enhancement using OCC for DFT-s-OFDM PUSCH was discussed. The following proposals and observation were made. 

Proposal 1: Supported OCC length should consider the DMRS capacity.
Proposal 2: UE pre-compensation of the phase rotation due to timing drift should be assumed for the OCC discussion. 
Observation 1: OCC across slots would have a problem on UCI transmission because UCI is transmitted only in the first slot of the repetition. 
Observation 2: OCC across OFDM symbol would have a problem on the setting of OCC length because possible OCC length depends on the number of PUSCH symbols in a slot, which is affected by DMRS configuration and/or SRS symbol(s). 
Proposal 3: For OCC within an OFDM symbol, OCC before DFT-spreading should be considered. 
Proposal 4: OCC within an OFDM symbol would be most preferable from the view point of UCI, OCC length and intra-slot FH. 
Proposal 5: To be fair comparison, the number of slots used to transmit a transport block should be identical for all OCC options in the evaluation. TBoMS should be assumed for OCC within an OFDM symbol to keep the TBS irrespective of OCC length. 
Observation 3: With the same number of slots, BLER performance for OCC across slots and OCC within an OFDM symbol are almost same in case of no impairment.
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