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Introduction
For the discussion on uplink capacity/throughput enhancement for IoT-NTN, there were some discussions on the OCC schemes and evaluation assumptions and some agreements were concluded in the last RAN1 #116-bis meeting 
	Agreement [1]
For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:
	 DMRS configuration 
	For baseline evaluations:
OS#4 per slot for 3.75kHz
OS#3 per slot for 15kHz

For OCC evaluations:
Up to proponent

	For baseline evaluations:
OS#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, we provide our views on the study of NR-NTN uplink capacity enhancement. 
Discussion
2.1 NPUSCH with OCC
[bookmark: _Hlk163057763]In the existing specification, repetition patterns for single-tone and multi-tone PUSCH are different. After mapping to  slots, the  shall be repeated  additional times before continuing mapping of the rest of data in the following slots [2].  for SCC of 3.75 kHz and  for SCS of 15 kHz.  for multi-tone and  for single-tone.  is the scheduled number of repetitions of a NPUSCH transmission. For single-tone PUSCH, the symbol mapped allocated RUs, then repeat according to the configured repetition number. Inter-slot OCC scheme for the single-tone PUSCH is not compatible with this repetition pattern. For multi-tone PUSCH with a repetition number of 2, the mapping rule aligns with single-tone PUSCH. If the repetition number exceeds or equals 4, the total UL slots will be separated into  slot groups and each group includes  slots. The RV0 and RV2 are cycled across the slot group. The existing repetition pattern can be reused for OCC spreading.
Proposal 1: The impact of OCC spreading on NPUSCH repetition pattern should be studied.
Early data transmission (EDT) is supported in Rel-15 to allow for early UL data transmission to avoid transitioning to the RRC_CONNECTED mode. In Rel-16, PUR is introduced to further enhance the small data transmission in NB-IoT. EDT enhancement is included in the WID of Rel-19 for RAN2 to improve the overhead and latency in Random Access procedure. In Rel-16, preconfigured uplink resource (PUR) is introduced and allows to skip the Msg 1 and Msg 2 steps for the Random Access procedure compared to EDT for UE with valid TA. In IoT NTN, networks may operate with a majority of UEs with small data transfer with EDT/PUR. Furthermore, UE can estimate TA between UE and RP based on GNSS in Rel-17 and pre-compensate the TA for the RTT to support EDT/PUR in NTN. Therefore, the OCC scheme can also be applied for EDT/PUR to further improve the capacity of UL. 
Proposal 2: Support study for the usage of NPUSCH OCC for EDT/PUR to improve the UL capacity.
2.2 NPRACH with OCC
According to the agreement in RAN1#116-bis meeting, the study of OCC for NPRACH does not consider NPRACH format 2. For format 0/1, one NPRACH preamble repetition unit consists of 4 symbol groups and each symbol group consists of a CP and 5 identical symbols. For the intra-symbol group OCC, the symbols after OCC spreading are not identical, which results in interference among symbols. If the intra-symbol group OCC is implemented, it could have a great influence on current specifications, such as modifying the structure of the symbol group. For the inter-repetition OCC, it will suffer more performance degradation than others due to the longer time span. For the inter-symbol group OCC, the symbol groups are spread by OCC sequence and the existing NPRACH format can be reused.
Proposal 3: Prioritize enhancement of NPRACH with inter-symbol group OCC for IoT-NTN.
The enhancement on the capacity of NPRACH preamble transmission with OCC needs to study the impact on the random access response (RAR). When multiple UEs multiplex in the same time-frequency resource, the collision will occur and only one UE can access to network. 
Proposal 4: The impact of NPRACH with OCC on RAR needs to be studied.
Conclusion
In this contribution, we provided our views on IoT-NTN uplink capacity enhancements. Our proposals are as follows:
Proposal 1: The impact of OCC spreading on NPUSCH repetition pattern should be studied.
Proposal 2: Support study for the usage of NPUSCH OCC for EDT/PUR to improve the UL capacity.
Proposal 3: Prioritize enhancement of NPRACH with inter-symbol group OCC for IoT-NTN.
Proposal 4: The impact of NPRACH with OCC on RAR needs to be studied.
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