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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#102 plenary meeting, an enhancement work item for Rel.19 IoT NTN was approved. One of the objectives is to specify the following uplink capacity/throughput enhancements to IoT NTN.

· Support of Capacity enhancements for uplink
· 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 on uplink capacity enhancement in IoT NTN were achieved last 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.




In this contribution, detailed discussion of uplink capacity enhancement in IoT NTN are presented.
2. Discussion
2.1 NPUSCH Format 1 Multiplexing
Uplink frame structure for NPUSCH format 1 can be summarized in the following bullets.
· 




The slot number within a radio frame is denoted  where  for  and  for 
· 

The uplink bandwidth in terms of subcarriers , and the slot duration  are given in Table 10.1.2.1-1.
· Table 10.1.2.1-1: NB-IoT parameters.
	Subcarrier spacing
	

	


	

	

	


	

	

	



· 

A resource unit (RU) is defined as  SC-FDMA symbols in the time domain and consecutive subcarriers in the frequency domain.

· 


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

	


	1
	3.75 kHz
	1
	16

	
	15 kHz
	1
	16

	
	
	3
	8

	
	
	6
	4

	
	
	12
	2

	2
	3.75 kHz
	1
	4

	
	15 kHz
	1
	4





Figure 1  3.75kHz and 15kHz Slot
NBIoT defines a resource unit (RU) as a basic unit for PUSCH allocation. This unit can take several different types of configurations as the following table. For example, for NPUSCH format 1 with subcarrier spacing of 15kHz, the number of subcarriers is 3 and the number of slots within the RU is 8 while the number of subcarriers is 6 and the number of slots within the RU is 4. The time duration of each RU with different allocated tones follows lattice structure in time domain. With proper resource allocation, RU number and repetition number, it is feasible to multiplex NPUSCH for different tones allocation (e.g., 3 tones and 6 tones in Figure 2).


Table 10.1.2.3-1: Supported combinations of ,  for frame structure type 1.
	NPUSCH format
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	1
	3.75 kHz
	1
	16

	
	15 kHz
	1
	16

	
	
	3
	8

	
	
	6
	4

	
	
	12
	2



Proposal 1: Multiplexing uplink transmission for NPUSCH format 1 with different repetitions within 3.75kHz subcarriers spacing or within 15kHz subcarriers spacing (including different tones allocation) is supported.
Orthogonal sequences are applied to NPUSCH format 1 cyclically in time domain, each of the OCC lasts X (with unit of ms or [absolute/valid] uplink slots or symbols) duration. At least X can be duration of one or multiple NPUSCH repetitions and multiple uplink slots as shown in Figure 2 and Figure 3 respectively. Since the repetition transmission manners for single tone and multiple tones are different (e.g., one TB full repetition and then another TB full repetition for single tone, and 2-slot-based repetition@ [4] times then another one for multiple tones), X can be separately configured for single tone and multiple tones with duration of repetition level or slots level or even symbols level. Since the OCC may adopt to identical uplink data among different repetitions or slots, X configuration should consider the physical resource mapping for NPUSCH format 1 single tone and multiple tones.


Figure 2 Multiplexing PUSCH for UEs with 3 tones and 6 tones (repetition-based OCC)



Figure 3 Multiplexing PUSCH for UEs with 12 tones (slots-based OCC)

For NTN, phase rotation during long time span of an OCC sequence caused by timing and frequency error and drift degrades the performance of NPUSCH format 1, X can be configured with duration of symbols as shown in Figure 4. For symbol level multiplexing, the uplink data resource mapping and corresponding DMRS may need to newly designed, and the benefit of symbol level multiplexing and the standardized load may be re-evaluated.


Figure 4 Multiplexing PUSCH for UEs with single tone (slot-based OCC)
Furthermore, in order to multiplex UEs with different resource allocations (e.g., 3tones, 6tones), RU number and repetition number, common X duration (e.g., default value) can be configured by cell-specific signaling where X configuration (e.g., start and length of X) may consider the channel coherent feature among UEs and early data detection at eNB side, etc.
Proposal 2: Orthogonal sequences applied to PUSCH format 1 cyclically in time domain, based on the channel conditions, each of the OCC [elements] lasts X duration, at lesat X can be configured as 
· Duration of one or multiple NPUSCH repetition.
· Duration of uplink slot (single tone) or Nslot=2 uplink slot (multiple tones).
· Duration of symbol.

For single-tone DMRS when OCC is applied to NPUSCH format 1, some potential solutions for DMRS enhancement have been proposed by companies (e.g., CDM based, TDM based, etc), TDM based DMRS enhancement solution should be considered as priority, which is aligned with TDM OCC based NPUSCH data. In Figure 5, DMRS muting in some uplink slots for different UEs, there is potential issue of DMRS channel estimation accuracy for DMRS missing in these slots and misalignment of OCC granularity for NPUSCH and DMRS (e.g., symbol level OCC for data and slot level OCC for DMRS), while in Figure 6, DMRS remapping in new symbols along with NPUSCH data scheme, it may introduce additional DMRS interference from other UE (e.g., legacy UE). 


Figure 5 DMRS muting for UEs with single tone (symbol-based OCC)



Figure 6 DMRS remapping for UEs with single tone (symbol-based OCC)
Proposal 3: For single-tone DMRS when OCC is applied to NPUSCH format 1, TDM based DMRS enhancement solution should be considered as priority, which is aligned with TDM OCC based NPUSCH data.

2.2 NPRACH Multiplexing
NPRACH preamble is transmitted within 180Khz range which is made up of 48 subcarriers with the subcarrier spacing of 3.75Khz. Basically, NPRACH preamble is transmitted in repetition and at each repetition it hops to different subcarriers according to certain rules. Each preamble format is made up of two portions: CP and Sequence. The Sequence part is made up of N sub blocks/symbols. All of the N subblock/symbol is made up of identical symbols. The total number of symbol groups in a preamble repetition unit is denoted by  as shown in the following table.
[bookmark: _Hlk515117179]Table 10.1.6.1-1: Random access preamble parameters for frame structure type 1
	Preamble format
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	0
	4
	4
	5
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	1
	4
	4
	5
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	2
	6
	6
	3
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	3







Figure 4 Multiplexing for NPRACH preamble
NPRACH rersouce is configured for each coverage level, so the multiplxing for different UEs is within each coverage level for RACH occsasion(s). Orthogonal sequences applied to NPRACH preamble cyclaically, each of the OCC lasts X duration, X can be configured as duration of one or more preamble symbols, preabmle symbol groups or preable repetition numbers. X configuration (e.g., start and length of X) should consider the alignment of different UEs with OCC sequence.
Proposal 4: NPRACH preamble multiplexing among UEs is adopted to each coverage level separately.
Proposal 5: Orthogonal sequences applied to NPRACH preamble cyclaically, each of the OCC lasts X duration, X can be configured as duration of one or more preamble symbols, preabmle symbol groups or preable repetition numbers. 

3. Conclusions
In this contribution, considerations of uplink capacity enhancement via OCC for IoT NTN are provided. The following proposals are present: 
Proposal 1: Multiplexing uplink transmission for NPUSCH format 1 with different repetitions within 3.75kHz subcarriers spacing or within 15kHz subcarriers spacing (including different tones allocation) is supported.
Proposal 2: Orthogonal sequences applied to PUSCH format 1 cyclically in time domain, based on the channel conditions, each of the OCC [elements] lasts X duration, at lesat X can be configured as 
· Duration of one or multiple NPUSCH repetition.
· Duration of uplink slot (single tone) or Nslot=2 uplink slot (multiple tones).
· Duration of symbol.
Proposal 3: For single-tone DMRS when OCC is applied to NPUSCH format 1, TDM based DMRS enhancement solution should be considered as priority, which is aligned with TDM OCC based NPUSCH data.
Proposal 4: NPRACH preamble multiplexing among UEs is adopted to each coverage level separately.
Proposal 5: Orthogonal sequences applied to NPRACH preamble cyclaically, each of the OCC lasts X duration, X can be configured as duration of one or more preamble symbols, preabmle symbol groups or preable repetition numbers. 
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