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Introduction
In RAN1 #116 meeting, the following agreements on uplink capacity enhancement for NR NTN were achieved.
	Agreement
Adopt the table below for assumptions for Evaluation parameters for link level evaluation in NR NTN UL capacity and throughput enhancements

	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- for OCC across slots including DMRS 

	HARQ configuration 
	· No HARQ

	Channel coding
	· LDPC

	TBS
	Reported by companies, e.g.
· ≈184 bits payload @AMR 4.75kbps96 bits @Low data rate

	DMRS configuration / port / bundling
	1 port per UE
Reported by companies
· DMRS positions for single-symbol DMRS and optional double-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 respectively with ld=14, l0=2 and pos1 in [38.211].
· up to 8 DMRS Ports
Optional DMRS Bundling

	PRBs/MCS
	Reported by companies, e.g. 
· 1 PRB, 2 PRBs
· MCS in Table 6.1.4.1-2 in [TS 38.214]

	Max repetition number
	· Reported by companies – up to 20 for VoIP, up to 32 for low data rates

	OCC length 
	Reported by companies, e.g.
·  Up to 8

	OCC sequence
	Reported by companies, e.g.
· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211
· DFT sequence in Table 6.3.2.6.3-2 in TS38.211

	Antenna configuration at Satellite
	· 1Rx

	Antenna configuration at UE
	· 1Tx




Agreement
Adopt the table below for assumptions for modelling impairments for link level evaluation in NR NTN UL capacity and throughput enhancements
	Parameter
	Value

	TO
	Reported by companies
· With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts
· Optional without TO

	FO
	Reported by companies
· Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible.
· Optional: with lower maximum residual FO, to be reported by companies

	Timing drift 
	Optional

	Receiver algorithm
	To be reported by companies, e.g.
· MMSE

	Channel estimation
	· Real channel estimation



Agreement
Adopt the table below for assumptions for KPIs for link level evaluation in NR NTN UL capacity and throughput enhancements

	Parameter
	Value

	Number of code-division multiplexed users
	Reported by companies (up to 8)

	KPI – SNR for a target BLER per UE
	As in Rel-18 (otherwise reported by companies)
· VoIP: SNR @2% BLER
· For other cases: SNR @10% BLER

	KPI - Aggregated throughput
	Reported by companies
Total throughput according to number of code-division multiplexed users (up to 8)
Note: companies should also report the throughput for the case without OCC

	
	







In this contribution, we provide some discussion on the uplink capacity enhancement.
Discussion
The uplink coverage enhancement has been introduced since Rel-16. Based on the uplink coverage enhancement, the UE can transmit the PUCCH/PUSCH by multiple repetitions. However, such repetition-based approach could reduce the system capacity, since one UE could take too much uplink resource. One possible way is to introduce the OCC.
To transmit the uplink signals with OCC, the UE needs to transmit the same signal based on different OCC codes in different resources. The UE also needs to maintain the phase continuity to transmit such signals, so that the uplink channel for the different resources could become similar to maintain the orthogonality for UEs with different OCC codes. Thus, the time-domain duration for an OCC should not be too long, since the UE may not be able to maintain the phase for such a long time.
The following OCC granularities can be considered:
· Repetition-level OCC: One OCC group includes multiple PUSCH repetitions 
· Symbol-level OCC: One OCC group includes multiple PUSCH repetitions 
· Pre-DFT sample level OCC: One OCC group includes multiple samples before transform precoder
Usually, smaller OCC granularity could provide better performance, since the channel could be consistent within an OCC group. Thus, pre-DFT sample level OCC may provide better performance. However, pre-DFT sample level OCC may increase the PAPR. Thus, if the pre-DFT sample level OCC is considered, it is necessary to consider the aspects to reduce the PAPR. Symbol-level OCC and repetition-level OCC would not increase the PAPR, and symbol-level OCC could be more robust than repetition-level OCC, since the OCC granularity is smaller. But symbol-level OCC could have more spec impact than repetition-level OCC, since this requires new rate matching. In addition, both symbol-level OCC and repetition-level OCC may lead to power im-balancing issue for different transmission ports. Therefore, it is better to consider some enhancement to avoid the power im-balancing issue for different transmission ports.
Proposal 1: For the capacity enhancement for PUSCH, consider the following OCC granularities:
· Repetition-level OCC: One OCC group includes multiple PUSCH repetitions 
· Symbol-level OCC: One OCC group includes multiple PUSCH repetitions 
· Pre-DFT sample level OCC: One OCC group includes multiple samples before transform precoder
Proposal 2: For pre-DFT sample level OCC, the enhancement should not increase the PAPR significantly.
Proposal 3: For symbol-level and repetition-level OCC, it is necessary to minimize the power im-balancing for different transmission ports.

Conclusion
In this contribution, we provided discussion on uplink capacity enhancement for NR-NTN. Based on the discussion, the following proposals are provided.
Proposal 1: For the capacity enhancement for PUSCH, consider the following OCC granularities:
· Repetition-level OCC: One OCC group includes multiple PUSCH repetitions 
· Symbol-level OCC: One OCC group includes multiple PUSCH repetitions 
· Pre-DFT sample level OCC: One OCC group includes multiple samples before transform precoder
Proposal 2: For pre-DFT sample level OCC, the enhancement should not increase the PAPR significantly.
Proposal 3: For symbol-level and repetition-level OCC, it is necessary to minimize the power im-balancing for different transmission ports.

