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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the discussion on UL capacity enhancement for NR NTN, there were some discussions on the OCC schemes and sequence. Moreover, a few agreements for assumptions on UL capacity were concluded [1] as follows in last RAN1 meeting:
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 discuss the potential transmission schemes and simulation assumption of UL capacity enhancement for NR NTN.

Discussion
As mentioned in the introduction, OCC can be implemented in time domain and frequency domain. The following paragraphs will provide a detailed analysis and simulation assumptions for different shemes.
0. OCC across the OFDM symbols
In time domain, OCC can be conducted by across OFDM symbols and by across slots. For OFDM symbol level, the data on different symbol is multiplied by the OCC factor to get the new data. Specifically, since it had been noted that the UL capacity enhancement is not targeted to PUSCH DMRS in RP-234078[1], OCC is only used for symbols of data. There are two options can be considered, as shown in Figure 1 and Figure 2.
· Option1: each symbol is mapped onto multiple consecutive symbols after spreading
· Option2: each symbol is mapped onto multiple non-continuous symbols after spreading
[image: ]
Figure 1: map each symbol onto two consecutive symbols (without DMRS repetition)
[image: ]
Figure 2: map each symbol onto two non-consecutive symbols
Both of the above schemes have certain drawbacks. As the current resource mapping is continuous in the time domain, the comb like mapping in the time domain needs more complex when option1 is used, and the position of DMRS is also different from the configuration of gNB, although DMRS enhancement is not considered. Although Option2 is still a time-domain continuous resource mapping, similar to the PUSCH repetition typeB resource mapping, which is not a typical application scenario of NTN. The main reason is that repetition type B is used to reduce latency for URLLC users, rather than in nonterrestrial networks where latency is generally high. Even in LEO, the maximum latency can reach tens of ms, which contradicts the original design intention of type B. Therefore, it is necessary to clarify whether to enhance repetition type B.
Observation 1: The latency in nonterrestrial networks contradicts the original design intention of type B.
Proposal 1: It is necessary to clarify whether to enhance repetition type B.

In addition to the OCC combined with repetition mentioned above, there is another implementation method that combines it with TBoMS to achieve OCC, which will result in the original resouce allocation without spreading being assoicated with a few symbols, instead of slot level TBS counting. Generally it is one new thing and complicate the specification impact. In summary, it is not recommended to perform inter-symbol OCC.
Observation 2: The additional specification impact to TBS and resource allocation for symbol level OCC should be taken into account.  
Proposal 2: It is recommanded that symbol level is with low priority.

0. OCC across the slots
For slot level, there are two types of time domain resource allocation in NR: repetition Type A and repetition Type B. Among them, repetition type A is used to improve reliability for eMBB users, and the maximum supported number of repetitions is 32. When supporting larger repetitions, there are three options to implement OCC aross slots, as shown in Figure 3, Figure 4 and Figure 5.
· Option1: OCC is applied to all repetitions, where the OCC length is equal to the number of repetitions
· Option2: Divide multiple repetitions into groups and OCC applied across groups
· Option3: Divide multiple repetitions into groups and OCC applied within each group
[image: ]
Figure 3: OCC is applied to all repetitions 
[image: ]
Figure 4: Divide multiple repetitions into groups and OCC across groups
[image: ]
Figure 5: Divide multiple repetitions into groups and OCC within each group
For option 1, it can support more users by CDM, but when there are many repetitions (such as more than 6), considering the time-frequency offset of different users, whether it has an impact on performance needs to be further evaluated. For the other two options, the number of users who can use CDM is less than option1, but the impact of time-frequency offset on performance is also relatively small. The final approach to be adopted needs to be evaluated. 
Proposal 3: OCC aross slot can be conducted through the following options:
· Option1: OCC is applied to all repetitions, where the OCC length is equal to the number of repetitions
· Option2: Divide multiple repetitions into groups and OCC applied across groups
· Option3: Divide multiple repetitions into groups and OCC applied within each group
Considering the flexibility of resource scheduling, the number of repetitions may be different for different users. When the two are multiplexed by CDM, as shown in Figure 6, when user 1 uses (W01, W11, W21, W31) and user 2 uses (W02, W12), whether it would affect performance also needs to be studied.
[image: ]
Figure 6: Different users use different lengths of OCC sequences
Proposal 4: For inter slot OCC, the same length of OCC sequence should be used for Multi-user with CDM.

Based on the following simulation assumption, we evaluate the performance of OCC across slots.
Table 6: PUSCH parameters assumption for VoIP  
	Parameter
	Value

	BLER
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]2% BLER.

	Number of UE  
	1,2

	DMRS configuration 
	Type I, Single DMRS symbol, no multiplexing with data.
Position: #OS3 and#OS10

	Waveform
	DFT-s-OFDM

	PUSCH duration        
	14 OS

	HARQ configuration 
	NO HARQ , Same RVs

	PRBs/MCS 
	6PRB/TBS size: 184bit/ coderate=120/1024
QPSK for VoIP

	OCC sequence
	· 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

	Repetition number
	2

	TO
	29Ts

	FO
	0.1 ppm

	Receiver algorithm
	MMSE



[image: ]
Figure 7: BELR performance of inter-slot OCC

Based on the above results, when repetion is used, the BLER performance of two users using inter slot OCC deteriorates by 0.4 dB compared to one user at 2%, and the total throughput of two users is twice that of one user. When compared with 1 user without repetition, the total throughput of two users is equal to that of one user. For better comparison, it is necessary to clarify whether to use repetition as the baseline.
Observation 3: Total throughput with OCC is same as the case without OCC if assuming the repetion is not used for the baseline case. While for the repetition case, the total throughput is increased when OCC is used.
Proposal 5: It is necessary to clarify whether to use repetition as the baseline case without OCC.

0. OCC within one OFDM symbol
As described in RP-234078[1], OCC can be conducted within an OFDM symbol, which means using it in frequency domain. As shown in Figure 8, PUCCHF4 in the current standard uses OCC in frequency domain, where different users use orthogonal OCC sequences before DFT. After DFT transformation, each user maps to different frequency domain resources in comb manner. This method can ensure the orthogonality between subcarriers, resulting in lower PAPR. 
[image: ]      [image: ]
Figure 8: Process for CDM method in PUCCHF4            Figure 9: Process for FDM method
Considering PUSCH capacity enhancement in frequency domain, when CDM method is applied to PUSCH and a large number of users are multiplexed, it is necessary to further evaluate the impact of time-frequency offset on actual performance.
[bookmark: OLE_LINK1]Meanwhile, in the discussion of PUCCHF4, an option of FDM had been proposed. However, when using multi-user frequency division multiplexing, more processing is needed due to  for FR1. For example, when two users is supported, a 6-point DFT implementation algorithm is required in the process of FDM, while the CDM scheme uses a simpler 12-point DFT, which can achieve multiplexing equivalent to FDM, and the performance of the two schemes is almost indistinguishable. Therefore, the design of CDM was ultimately adopted.
When FDM method is applied to PUSCH, there are two options can be considered, as shown in Figure 8(Option 1 is on the left and Option 2 is on the right): 
· Option 1: PUSCH from different UEs is transmitted through FDM, occupying different combs for transmission 
· Option 2: PUSCH of different UE occupies continuous PRB through FDM method
Based on the above simulation assumption, we evaluate the performance of OCC within one OFDM symbol.
[image: ]
Figure 10: BELR performance of intra-symbol OCC


	
	Total throughput of two slot(at BLER=2%)

	1 user without OCC 
	184

	2 users with intra-symbol OCC
	176



Based on the above results, the BLER performance of two users using intra symbol OCC deteriorates by 0.4 dB compared to one user at 2%. In addition, due to the current TBS calculation method, although each of the two users occupies half of the resources of a single user in resource calculation, the actual TBS of two users is less than half of that of a single user, so the total throughput of two users is less than that of one user.
Observation 4: the advantages of OCC within one symbol is not obvious.
Proposal 6: It is not recommended to use OCC within one OFDM symbol.

Conclusion
In this contribution, we analzyed potential issues of UL capacity enhancement for NR NTN, and the proposals are listed as follows:
Observation 1: The latency in nonterrestrial networks contradicts the original design intention of type B.
Observation 2: The additional specification impact to TBS and resource allocation for symbol level OCC should be taken into account.  
Observation 3: Total throughput with OCC is same as the case without OCC if assuming the repetion is not used for the baseline case. While for the repetition case, the total throughput is increased when OCC is used.
Observation 4: The advantages of OCC within one symbol is not obvious.

Proposal 1: It is necessary to clarify whether to enhance repetition type B.
[bookmark: _GoBack]Proposal 2: It is recommanded that symbol level is with low priority.
Proposal 3: OCC aross slot can be conducted through the following options:
· Option1: OCC is applied to all repetitions, where the OCC length is equal to the number of repetitions
· Option2: Divide multiple repetitions into groups and OCC applied across groups
· Option3: Divide multiple repetitions into groups and OCC applied within each group
Proposal 4: For inter slot OCC, the same length of OCC sequence should be used for Multi-user with CDM.
Proposal 5: It is necessary to clarify whether to use repetition as the baseline case without OCC.
Proposal 6: It is not recommended to use OCC within one OFDM symbol.
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