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Introduction
IoT NTN is being deployed to support massive IoT devices, while the system capacity faces enormous challenge due to the large beam footprint size from hundreds to thousands of kilometers in NTN scenario. Regarding this matter, the WID proposes to study and specify, if beneficial, the application of orthogonal cover code (OCC) to NPUSCH format 1 an NPRACH to improve the uplink capacity [1].
	· [bookmark: _Hlk158560701]Support of Capacity enhancements for uplink

· [bookmark: _Hlk158643949]Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2]

· Multi-tone support for 15 kHz SCS should also be considered

Note: Impact of impairment shall be taken into account



In this contribution, we provide our view and analysis on the enhancements to support UE multiplexing via OCC for NPUSCH format 1. The OCC structures of the candidate OCC schemes for NPUSCH format 1 are firstly discussed and the corresponding evaluation results are provided. Then, we discuss the candidate DMRS scheme for single-tone NPUSCH format 1 and present our preliminary evaluation results.

Uplink capacity enhancement for IoT-NTN
OCC schemes for NPUSCH format 1
Regarding multiplexing UEs via OCC for NPUSCH format 1, according to the WID, both single-tone and multi-tone NPUSCH transmission for 3.75kHz and 15kHz SCS should be taken into account. Considering OCC can be applied in time or frequency domain, RAN1 agreed to further study the following OCC schemes for single-tone and multi-tone NPUSCH format 1 in RAN1#116 meeting:
	Agreement
For single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level 
· Repetition-level
· RV-level

For multi-tone NPUSCH format 1 transmissions, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level (including Nslot level)
· Repetition-levels
· RV-level
· Intra-symbol pre-DFT spreading OCC 



Then, we discuss the block-wise spreading design on the following candidate OCC schemes:
· Slot-level OCC
For multi-tone NPUSCH repetition, the inter-slot repetition is firstly performed within NPUSCH, i.e., across  slots, and then across NPUSCH. The details in TS36.211 are specified as follows:
	[bookmark: _Toc454818171][bookmark: _Hlk166146741]10.1.3.6	Mapping to physical resources
Each NPUSCH codeword can be mapped to one or more than one resource units, , as given by clause 16.5.1.2 of TS 36.213 [4], each of which shall be transmitted  times.
The block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power  specified in [4], and mapped in sequence starting with  to subcarriers assigned for transmission of NPUSCH. The mapping to resource elements  corresponding to the subcarriers assigned for transmission and not used for transmission of reference signals, shall be in increasing order of first the index , then the index , starting with the first slot in the assigned resource unit.
After mapping to  slots, the  slots shall be repeated  additional times, before continuing the mapping of  to the following slot, where





In this case, the repeated  slots can be reused for multiplexing UEs with OCC. Take 12-tone NPUSCH transmission for example, when , 2 UEs can be multiplexed on every  slots with OCC, and the slot-level OCC structure is depicted in Fig 1. 
[image: ]
Fig 1. Slot-level OCC with OCC length 
Besides that, in the last meeting, RAN1 agreed that the multiplexing UE number for OCC of NPUSCH format1 is up to 4, which is consistent with the above formula of , i.e.,  . Thus, the slot-level OCC scheme embodies its superiority on spec impact.
	[bookmark: _Hlk166163695]Agreement
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.



For single-tone NPUSCH transmission, the inter- slots repetition within NPUSCH is not supported due to the limitation in the formula of  and . However, in our understanding, this limitation can be easily removed to enable inter- slot OCC procedure for single-tone NPUSCH format 1 with foreseeable spec impact. For example, apply the unified formula of  and  for single-tone and multi-tone NPUSCH transmission to support slot-level OCC scheme.
Observation 1: For multi-tone NPUSCH transmission, the inter- slots repetitions within NPUSCH can be reused to enable slot-level OCC procedure.
Observation 2: For single-tone NPUSCH transmission, the inter- slots repetitions within NPUSCH should also be supported to multiplex UE via slot-level OCC with small spec impact.
· Symbol-level OCC
For symbol-level OCC, the symbols within an OCC group (e.g., a slot) are firstly divided into  OCC blocks. Then, OCC spreading is performed across the  OCC blocks within the same OCC group. Fig 2 illustrates the symbol-level OCC structure with OCC length , where the symbols in a slot are divided into  OCC blocks to multiplex 2 UEs via symbol-level OCC. It is notable that the legacy physical resource mapping will be revised to suit the symbol-level OCC scheme. In addition, in the current slot structure of NPUSCH format 1, one slot only consists of 6 OFDM symbols for data transmission. In this case, if the multiplexed UE number of 4 is supported, the slot structure of NPUSCH format 1 may also need to be redesigned to multiplex 4 UEs with symbol-level OCC. Thus, when it comes to symbol-level OCC schemes, the spec impact should be firstly considered.
[image: ]
Fig 2. Symbol-level OCC with OCC length = 2
Observation 3: Symbol-level OCC scheme has potential spec impact on basic physical resource mapping and slot structure of NPUSCH format 1.
· Intra-symbol pre-DFT spreading OCC
[bookmark: _Hlk162629371][bookmark: _Hlk166161099]According to the agreement, for multi-tone NPUSCH transmission, intra-symbol pre-DFT spreading OCC can be additionally taken into account. For the application of OCC in frequency domain, block-wise spreading is applied to the allocated subcarriers, and UEs are multiplexed on the OCC blocks of subcarriers within an OCC group. The intra-symbol pre-DFT spreading OCC structure with OCC length  is illustrated in Fig 3. For 3-tones NPUSCH transmission, when OCC length  or  is configured, the allocated subcarriers will be 6 or 12, which is equivalent to 6-tones and 12-tones NPUSCH transmission. However, the physical resource mapping is different from the legacy procedure.
[image: ]
Fig 3. Intra-symbol pre-DFT spreading OCC with OCC length = 2
Observation 4: For intra-symbol pre-DFT spreading OCC, the physical resource mapping is different from the legacy procedure.
Given that intra-symbol pre-DFT spreading OCC only applies to multi-tone NPUSCH transmission, RAN1 have to consider other OCC schemes for single-tone NPUSCH transmission, which increases unnecessary workload. As above mentioned, OCC spreading in time domain, including slot-level OCC and symbol-level OCC, applies to both single-tone and multi-tone NPUSCH transmission. Thus, we prefer to prioritize the time domain OCC scheme to cater for different types of NPUSCH transmission.
Proposal 1: RAN1 prioritizes time-domain OCC schemes, including slot-level OCC and symbol-level OCC, over frequency-domain OCC schemes.
· Evaluation results of candidate OCC schemes
The preliminary evaluation results of candidate OCC schemes, including slot-level OCC and symbol-level OCC, are provided in Fig 4-5, and the detailed simulation parameters are listed in Table 1 in the Appendix. Note that the REs used for TB size determination and the entire NPUSCH transmission (including NPUSCH repetition) for different OCC schemes are the same as the NPUSCH transmission without OCC. 
[bookmark: _Hlk162795175][bookmark: _Hlk162795206][bookmark: _Hlk166225597]When 10% BLER is taken as the performance metric, Fig 4 shows that, for single-tone NPUSCH transmission, slot-level OCC-2 and symbol-level OCC-2 both presents 0.7dB performance degradation on the required SNR. However, from the NPUSCH capacity perspective, the aggregated throughput increases linearly with the OCC-multiplexed UE number. For multi-tone NPUSCH transmission, slot-level OCC-2 and symbol-level OCC-2 also presents 0.7dB performance degradation on the required SNR respectively, and the NPUSCH capacity increases linearly with the OCC-multiplexed UE number. In addition, we note that the performance gap between nonOCC and slot-level OCC increases with SNR, because the influence of inter-UE interference gradually increases with SNR.
	[image: ]
	[image: ]


 Fig 4. Performance evaluation of non-OCC, slot-level OCC, and symbol-level OCC for single-tone NPUSCH
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Fig 5. Performance evaluation of non-OCC, slot-level OCC, and symbol-level OCC for multi-tone NPUSCH
Observation 5: For single-tone NPUSCH transmission:
· Slot-level OCC-2 and symbol-level OCC-2 presents 0.7dB performance degradation on the required SNR respectively.
· The aggregated throughput increases linearly with the OCC-multiplexed UE number.
Observation 6: For multi-tone NPUSCH transmission:
· Slot-level OCC-2 and symbol-level OCC-2 presents 0.7dB performance degradation on the required SNR respectively.
· The aggregated throughput increases linearly with the OCC-multiplexed UE number.

DMRS for NPUSCH format 1 with OCC
The legacy DMRS on NPUSCH format 1 does not support UE multiplexing. Regarding this issue, RAN1 has discussed the following two DMRS schemes for further study in the last meeting:
	Agreement
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:
· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. 
· FFS: Detailed mapping 
· CDM of DMRS. The time domain locations of DMRS for different UEs are the same. Different OCCs are applied for the DMRS of different UEs. 
· FFS: Detailed mapping
· Other schemes are not precluded, including combinations of the above



According to the current DMRS pattern of single-tone NPUSCH format 1, only one DMRS symbol is transmitted within one NPUSCH slot. When  UEs are multiplexed via OCC for NPUSCH format 1, at least  DMRS symbols on  NPUSCH slots are needed to ensure the orthogonality of channel estimation between the OCC-multiplexed UEs, whether for TDMed DMRS or CDMed DMRS. As depicted in Fig.6, when OCC length , for CDM of DMRS, the same DMRS symbols but different OCCs are used for the  multiplexed UEs, where the potential gain from DMRS combination may be obtained. For TDM of DMRS, the different DMRS symbols are used for the  multiplexed UEs, where the orthogonality of channel estimation between the  multiplexed UEs can be well guaranteed.
[image: ]
[bookmark: _Hlk166224630]Fig 6. Illustration of CDM DMRS and TDM DMRS with OCC length = 2
Fig 7 provides the preliminary evaluation results of candidate DMRS scheme, including TDM of DMRS and CDM of DMRS, with slot-level OCC2 and symbol-level OCC2. It can be observed that the CDM of DMRS shows better bler performance than TDM of DMRS, whether for slot-level OCC2 or symbol-level OCC2, thanks to CDMed DMRS combination.
[image: ]
Fig 7. Performance evaluation of CDM DMRS and TDM DMRS with OCC length = 2
Observation 7: CDM of DMRS provides better performance than TDM of DMRS, whether for slot-level OCC2 or symbol-level OCC2.

Conclusion
In this contribution, we present our view and analysis on enhancements to support UE multiplexing with OCC for NPUSCH format 1 and DMRS. The following observations and proposals are made:
Observation 1: For multi-tone NPUSCH transmission, the inter- slots repetitions within NPUSCH can be reused to enable slot-level OCC procedure.
Observation 2: For single-tone NPUSCH transmission, the inter- slots repetitions within NPUSCH should also be supported to multiplex UE via slot-level OCC with small spec impact.
Observation 3: Symbol-level OCC scheme has potential spec impact on basic physical resource mapping and slot structure of NPUSCH format 1.
Observation 4: For intra-symbol pre-DFT spreading OCC, the physical resource mapping is different from the legacy procedure.
Observation 5: For single-tone NPUSCH transmission:
· Slot-level OCC-2 and symbol-level OCC-2 presents 0.7dB performance degradation on the required SNR respectively.
· The aggregated throughput increases linearly with the OCC-multiplexed UE number.
Observation 6: For multi-tone NPUSCH transmission:
· Slot-level OCC-2 and symbol-level OCC-2 presents 0.7dB performance degradation on the required SNR respectively.
· The aggregated throughput increases linearly with the OCC-multiplexed UE number.
Observation 7: CDM of DMRS provides better performance than TDM of DMRS, whether for slot-level OCC2 or symbol-level OCC2.
Proposal 1: RAN1 prioritizes time-domain OCC schemes, including slot-level OCC and symbol-level OCC, over frequency-domain OCC schemes.

Reference 
[1]       RP-234077, “New WID: Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3”, Deutsche Telekom, RAN#102, December 11-15, 2023
[2]       R1-2403719, “FL Summary #2 for IoT-NTN”, Sony, RAN1#116b meeting

Appendix 
Simulation assumptions
Table 1. LLS parameters for NPUSCH format 1
	
	Parameter
	value

	scenario
	orbit
	GEO
	LEO600

	
	Elevation angle 
	12.5 degree
	30degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-29Ts, +29Ts] for all UEs
Timing drift 80us/s for LEO600 and 0 for GEO.

	transmitter 
	SCS
	15KHz
	15kHz

	
	Number of tones
	Single tone 
	12 tones

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

	
	DMRS configuration 
	For baseline evaluations:
OS#3 per slot for 15kHz

For OCC evaluations:
CDMed DMRS
FDMed DMRS

	For baseline evaluations:
OS#3 per slot for 15kHz

For OCC evaluations:
CDMed DMRS
FDMed DMRS

	
	Number of resource unit () 
	1

	1

	
	Modulation order 
	QPSK

	QPSK


	
	TBS ()
	ITBS = 4 (56bits)

	ITBS = 6 (88bits)

	
	Number of repetitions ()
	8


	
	OCC length 
	2, 4

	
	OCC sequence
	OCC-2: [+1 +1] [+1 -1]
OCC-4: [+1 +1 +1 +1] [+1 -j -1 +j] [+1 -1 +1 -1] [+1 +j -1 -j]

	
	Number of UE
	2, 4

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation



Agreements in RAN1#116b meeting
Agreement
For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:

	DMRS configuration 
	For baseline evaluations:
OS#3 4 per slot for 3.75kHz
OS#4 3 per slot for 15kHz

For OCC evaluations:
Up to proponent

	For baseline evaluations:
OS#4 3 per slot for 15kHz

For OCC evaluations:
Up to proponent




Agreement
At least the following NPRACH OCC schemes are considered by RAN1 for study:
· Intra-symbol group OCC
· Inter-symbol group(s) OCC
· Inter-repetition OCC 

Agreement
The study of OCC for NPRACH does not consider NPRACH format 2.

Agreement
The following evaluation assumptions are used for the study of OCC for NPRACH:

	
	Parameter
	value

	Scenario
	Orbit and elevation angle
	GEO at 12.5 degrees; LEO600 at 30 degrees

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs
Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs
Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	Transmitter
	NPRACH format
	1 or 0

	
	MIMO scheme
	SISO

	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to proponent

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to proponent

	
	Velocity of UE
	3km/h

	
	Total NPRACH time / frequency resource utilisation
	To be reported by proponent. 


	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	SNR operating point
	Report SNR where target detection probability and false alarm probability are reached for baseline and OCC schemes



Agreement
OCC multiplexing is not supported between a UE using NPUSCH format 1 with 3.75kHz SCS and another UE using NPUSCH format 1 with 15kHz SCS.

Agreement
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.

Agreement
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:
· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. 
· FFS: Detailed mapping 
· CDM of DMRS. The time domain locations of DMRS for different UEs are the same. Different OCCs are applied for the DMRS of different UEs. 
· FFS: Detailed mapping
· Other schemes are not precluded, including combinations of the above

Agreement
For the NPUSCH evaluation assumptions, update the frequency error assumption, as follows.

	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.
For GEO, the same frequency error is applied to each subframe of a transport block.
For LEO, the same frequency error is applied to each subframe of a segment (if applied in the evaluation). Companies to report their assumption on frequency error across segments.
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