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Introduction
In RAN#103 [1], a revised WID on IoT NTN enhancements was endorsed for Release 19. This contribution aims to discuss Uplink Capacity/Throughput Enhancement as shown below. We’ll outline enhancements for IoT-NTN uplink capacity and throughput, focusing on code optimization, single-tone prioritization, NPUSCH performance, OCC mapping, and UE pairing. · 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

· Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction [RAN2]:
· Msg3 transmission without msg1/RAR
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete


The following agreements were made in RAN1#116:
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-level
· RV-level
· Intra-symbol pre-DFT spreading OCC 

The following evaluation assumptions are used for the study of OCC 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 [-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 
	SCS
	3.75KHz and 15KHz
	15kHz

	
	Number of tones
	Single tone 
	Single tone and multi tone up to 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 3.75kHz
OS#4 per slot for 15kHz

For OCC evaluations:
Up to proponent

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

For OCC evaluations:
Up to proponent


	
	Number of resource unit () 
	Up to proponent

	Up to proponent


	
	Modulation order 
	Up to proponent

	Up to proponent


	
	TBS ()
	Up to proponent

	Up to proponent


	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to 4

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to 4

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation

	KPI
	SNR at 10% BLER
	Report for baseline and OCC schemes

	
	Aggregated throughput 
	Total throughput of up to 4 UEs multiplexed




[bookmark: _Hlk158639491]Time-Domain OCC Schemes
At lowest elevation angle over the service link and feeder link considered in Release 17 Study Phase in TR 36.763, a maximum delay drift in the order of 100 us/s could be experienced. We consider the maximum delay drift experienced during PUSCH transmission for Time Domain OCC mapping with single tone or multi-tone 15 kHz. Note that single tone transmission will take longer than multi-tone transmission for a given TBS. 
A condition for the OCC to maintain orthogonality is that the maximum delay drift experienced during PUSCH transmissions of UEs Code Domain Multiplexed by OCC are received within a cyclic prefix. With this assumption, OCC mapping across Repetition / RV with single tone 15 kHz SCS with OCC code length up to 4 can be used with minimum impact on the specifications.
Observation 1: Orthogonal Cover Code orthogonality can be maintained if maximum delay drift is less than a Cyclic Prefix duration. 



In the legacy specifications, a TBS is mapped to a number of Resource Units and may be repeated up to NRep=128. A TBS index ITBS is used to indicate the number of bits that can be supported assuming IRU (this allows to use NRU= 1,2,3,4,5,6,8,10 Resource Units). OCC mapping requires that the contents are the same for each repetition within an OCC block. In the legacy specifications, repetitions are done on a repetition unit level – i.e. a resource unit defined as a combination of , , and . For multitone with 12 sub-carriers, 2 slots are used pre RU. For single tone, 16 slots are used per RU. 





Transport Block Size (TBS) in TS 36.213 Table 16.5.1.2-2: Transport block size (TBS), Number of resource units () for NPUSCH in TS 36.213 Table 16.5.1.1-2,  Number of repetitions () for NPUSCH in TS 36.213 Table 16.5.1.1-3, Supported combinations of , , and  for frame structure type 1 in TS 36.211 Table 10.1.2.3-1,  are copied in the Annex for convenience. 
Observation 2: In the legacy specifications, a TBS is mapped to a number of Resource Units and may be repeated up to NRep=128.

Time-domain OCC repetition-level:
We assume ITBS=13 and IRU=1 (i.e. Number of Resource Units NRU=1) and up to NRep=128 repetitions can be used to close the link budget on the UL. This allows a TBS of 224 bits, which is consistent with IoT NTN operations. For single tone transmission, 1 RU is 16 slots (i.e. RU duration is 16*0.5 ms = 8 ms for SCS=15 kHz, and 32 ms for SCS=3.75 kHz). For details refer to TS 36.213 Table  16.4.1.5.1-1 
[bookmark: _Hlk163125525]Observation 3: eNB scheduler can schedule any TBS assuming ITBS=13 and up to NRep = 128 repetitions using single tone 15 kHz SCS for NPUSCH transmission within a maximum delay drift over an OCC block spread across Repetition as follows: 
· 1.6 us (~ 2 * 8 ms * 100 us/s /1000 ms) with OCC length 2
· 3.2 us (~ 4 * 8 ms * 100 us/s /1000 ms) with OCC length 4

The eNB scheduler can schedule UEs with lower ITBS values with smaller TBS and a lower number of NRep repetitions depending on the delay drift experienced by the UE (this can be known based on Rel-17 specifications with the TA report and common TA). The TBS size and number of RUs used for the transmission of NPUSCH sets the effective code rate. For a given TBS size, using more RUs will result in a lower number of repetitions to achieve the target SNR. This seems a reasonable eNB scheduler condition.  
Observation 4: eNB scheduler implementation can schedule NPUSCH transmission for a TBS with a lower ITBS and smaller number of repetitions, NRep, if maximum delay drift over an OCC block spread across Repetition is smaller than Cyclic Prefix. 

[bookmark: _Hlk163138992]Time-domain OCC slot-level:
RAN1 should discuss how the mapping of OCC across slots can be done for single tone. Take an example with ITBS=0 where TBS=256 bits and IRU=7 (i.e. NRU=10 RUs)  and 16 slots  are used for single tone transmission. Assume OCC length 2 and the TBS is repeated (i.e. transmitted twice on NPUSCH format 1). If the OCC mapping is done on a slot basis (i.e. not done across each of the 16 slots), then each slot will need to be repeated and mapped to an OCC bit. The repetition will need to be done on a slot basis, rather than a resource unit basis. This is a fundamental change in the specifications. 
[bookmark: _Hlk163136532]Observation 5: Mapping of OCC to slots will require a fundamental change in the TBS calculation and rate matching, and slot-based repetitions, where a TBS is mapped to a slot or a number of slots that is different from the supported combinations for a resource unit in the legacy specifications.

OCC mapping to slots rather than resource units will have a smaller granularity in the time domain, which can mitigate the impact of timing drift. Since the repetition is done on a slot basis, assuming there is new TBS calculation and rate matching, and repetition on a slot basis, the OCC mapping can be done for any ITBS without restrictions on eNB scheduler due to the timing drift.
Observation 6: The maximum delay drift with OCC mapping across slot with single tone 15 kHz SCS is 
· 0.2 us (~ 2 * 1 ms * 100 us/s /1000 ms) with OCC length 2
· 0.4 us (~ 4 * 1 ms * 100 us/s /1000 ms) with OCC length 4

Time-domain OCC RV-level:
On DCI N0, Redundancy version is indicated as 1 bit as defined in TS 36.213 clause 16.5.1.2. It was shown in our sister contribution in RAN1#116bis for UL capacity and throughput enhancements in NR NTN that it is better to use RV cycling. Using a fix RV will result in some performance loss as simulated for Time-domain OCC slot-level in NR NTN. 

Proposal 1: NPUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and RV cycling is used in Time-domain OCC repetition-level and Time-Domain OCC slot-level.

Time-domain OCC symbol-level:
We do not see any gain of this OCC mapping type compare to Time-domain OCC slot-level, as the impact of timing drift can be sufficiently mitigated already.

Since the single tone is known solution to significantly enhanced throughput and capacity at low SNR in terrestrial IoT, we propose that RAN1 prioritize single tone discussions.

Proposal 2: RAN1 prioritize OCC schemes for single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS.

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

Observation 1: Orthogonal Cover Code orthogonality can be maintained if maximum delay drift is less than a Cyclic Prefix duration. 
Observation 2: In the legacy specifications, a TBS is mapped to a number of Resource Units and may be repeated up to NRep=128.

Time-domain OCC repetition-level:
Observation 3: eNB scheduler can schedule any TBS assuming ITBS=13 and up to NRep = 128 repetitions using single tone 15 kHz SCS for NPUSCH transmission within a maximum delay drift over an OCC block spread across Repetition as follows: 
· 1.6 us (~ 2 * 8 ms * 100 us/s /1000 ms) with OCC length 2
· 3.2 us (~ 4 * 8 ms * 100 us/s /1000 ms) with OCC length 4
Observation 4: eNB scheduler implementation can schedule NPUSCH transmission for a TBS with a lower ITBS and smaller number of repetitions, NRep, if maximum delay drift over an OCC block spread across Repetition is smaller than Cyclic Prefix. 

Time-domain OCC slot-level:
Observation 5: Mapping of OCC to slots will require a fundamental change in the TBS calculation and rate matching, and slot-based repetitions, where a TBS is mapped to a slot or a number of slots that is different from the supported combinations for a resource unit in the legacy specifications.
Observation 6: The maximum delay drift with OCC mapping across slot with single tone 15 kHz SCS is 
· 0.2 us (~ 2 * 1 ms * 100 us/s /1000 ms) with OCC length 2
· 0.4 us (~ 4 * 1 ms * 100 us/s /1000 ms) with OCC length 4

Time-domain OCC RV-level:
Proposal 1: NPUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block and RV cycling is used in Time-domain OCC repetition-level and Time-Domain OCC slot-level.

Time-domain OCC symbol-level:
Proposal 2: RAN1 prioritize OCC schemes for single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS.

1 Appendix





TS 36.211 Table 10.1.2.3-1: Supported combinations of , , and  for frame structure type 1.
	NPUSCH format
	[image: ]
	

	

	


	1
	3.75 kHz
	1
	16
	7

	
	15 kHz
	1
	16
	

	
	
	3
	8
	

	
	
	6
	4
	

	
	
	12
	2
	

	2
	3.75 kHz
	1
	4
	

	
	15 kHz
	1
	4
	




Table 16.5.1.1-2: Number of resource units () for NPUSCH.
	

	


	0
	1

	1
	2

	2
	3

	3
	4

	4
	5

	5
	6

	6
	8

	7
	10




TS 36.213 Table 16.5.1.1-3: Number of repetitions () for NPUSCH.
	

	


	0
	1

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6
	64

	7
	128




TS 36.213 Table 16.5.1.2-2: Transport block size (TBS) table for NPUSCH.
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 
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