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1 Introduction
[bookmark: _Hlk145277988]In RAN1#116bis, it was discussed about evaluation assumption to performance results for DFT-s OFDM PUSCH using OCC. The following agreements were reached. This contribution discusses on performance results and potential specification impact for various OCC methods. 

	Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS

Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects




2 Discussion

Whether to consider Msg3 PUSCH
In RAN1#116, some companies have raised a clarification issue regarding whether Msg3 PUSCH is included in the scope or not. As the WID contains a note stating "no enhancement for initial access," Msg3 PUSCH should be excluded from the scope. In practice, Msg3 PUSCH is utilized in connected mode operations such as beam failure reporting, SR request, resynchronization procedure, and positioning. However, considering that one of main use cases transmitting Msg3 PUSCH from UE side is to keep link connection between the UE and gNB (or satellite), it is not clear how much gain can be achieved by applying OCC scheme to Msg3 PUSCH because it may be hard to ensure orthogonality between UEs. Thus, it is preferable that Msg3 PUSCH is out of scope for Rel-19 NTN. 
Proposal 1: Conclude that DFT-s-OFDM PUSCH enhancements via OCC is not targeted to Msg3 PUSCH. 

OCC for PUSCH: code length 8
In RAN1#116bis, it was agreed to support OCC in principle with FFS on details. For whether to consider code length 8, it is noted that current specification has supported orthogonal sequences up to 4 for PUCCH format 4. Thus, up to code length 4, orthogonal sequences specified in the current specification can be reused for PUSCH. However, for code length 8, it needs additional discussion on how to design orthogonal sequence. Though performance results should be checked before deciding on whether to support or not, it is slightly preferable to consider up to code length 4 in Rel-19 NTN. 
Proposal 2: RAN1 does not pursue code length 8 for OCC PUSCH. 

OCC for PUSCH: limitation of the PRB 
The second remaining issue is whether to stipulate the specific number of RBs that OCC can be applied for PUSCH. In NTN, it is well known that a UE may use smaller RBs, and FDM scheduling can be considered instead of applying OCC over larger RBs for PUSCH transmission. Although there would be no critical reason for not limiting the number of PRBs, it does not need to mandate a specific PRB number applicable to OCC PUSCH in the specification. It would be up to the gNB implementation. If there would be a high burden for some UEs to handle various numbers of PRBs for supporting OCC PUSCH, it could be discussed in the UE feature session.
Proposal 3: RAN1 does not discuss further whether to limit the number of PRBs applicable to OCC PUSCH. 

OCC for PUSCH: potential OCC technique 
The third remaining issue is how to down-select one scheme among 1) Inter-slot time-domain OCC with PUSCH repetition Type A, 2) Inter-symbol(s) time domain OCC, 3) Intra-symbol pre-DFT-s OCC and 4) Combinations of OCC techniques. Having multiple schemes doesn’t provide additional benefits compared to supporting only one scheme while it needs much specification efforts. Thus, it is preferable to choose only one solution by considering performance results and potential specification impact together. For potential specification impact, Table 1 shows analysis of specification impact for candidate OCC schemes. With those analysis, it is observed that inter-slot time-domain OCC with PUSCH repetition Type A may have the least specification impact(s), while inter-symbol(s) time domain OCC may have the most specification impact(s) assuming that each aspect has similar specification impact(s) even though all aspects do not have the equal specification impact(s). 
Table 1. Analysis of specification impact for candidate OCC schemes.
	Aspect(s)
	Inter-slot time-domain OCC with PUSCH repetition Type A
	Inter-symbol(s) time domain OCC
	Intra-symbol pre-DFT-s OCC

	TBS calculation
	No spec impact
	Spec impact
	Spec impact

	Rate matching
	No spec impact
	Spec impact
	Spec impact

	UCI multiplexing
	Spec impact
	Spec impact
	Spec impact

	RV cycling across slots
	Spec impact
	No spec impact
	No spec impact

	Frequency hopping, e.g. intra /inter slot
	Spec impact (for inter-slot)
	Spec impact (for intra-slot)
	No Spec impact

	OCC indication/configuration
	Spec impact
	Spec impact
	Spec impact

	Power control
	No spec impact
	Spec impact
	Spec impact



Observation 1: Inter-slot time-domain OCC with PUSCH repetition Type A may have the least specification impact(s).
Observation 2: Inter-symbol(s) time domain OCC may have the most specification impact(s).

	For Performance results, Figure 1 shows the aggregated throughput for various OCC schemes in case of OCC length 2. It is observed that all OCC schemes (inter-symbol OCC, inter-group symbol OCC and intra-symbol OCC) show similar performance compared to legacy scheme (i.e., no OCC). 
[image: ]
Figure 1. Aggregated throughput for OCC schemes (OCC length 2 and 4)

Observation 3: OCC schemes shows similar aggregated throughput performances in case of OCC length 2/4.
Proposal 4: RAN1 strives to avoid having combinations of OCC techniques in Rel-19 NTN.

OCC for PUSCH: TBoMS 
TBoMS has been introduced since Rel-17 spec in order to support coverage enhancement. Though the scheme can be considered in Rel-19 NTN with potential OCC scheme, it might be better to consider in the second half of Rel-19 after finalizing basic procedure(s) of potential OCC scheme first without considering TBoMS. Final decision should be made with the consideration of potential specification impact(s) on top of the basic procedure(s). 
Proposal 5: RAN1 defers the decision whether to support TBoMS for PUSCH with OCC in Rel-19 NTN.


Conclusion
This contribution discussed on evaluation assumptions for uplink capacity/throughput evaluation. Followings are observations/proposals in this contribution. 
Proposal 1: Conclude that DFT-s-OFDM PUSCH enhancements via OCC is not targeted to Msg3 PUSCH. 
Proposal 2: RAN1 does not pursue code length 8 for OCC PUSCH. 
Proposal 3: RAN1 does not discuss further whether to limit the number of PRBs applicable to OCC PUSCH. 
Proposal 4: RAN1 strives to avoid having combinations of OCC techniques in Rel-19 NTN.
Proposal 5: RAN1 defers the decision whether to support TBoMS for PUSCH with OCC in Rel-19 NTN.

Observation 1: Inter-slot time-domain OCC with PUSCH repetition Type A may have the least specification impact(s).
Observation 2: Inter-symbol(s) time domain OCC may have the most specification impact(s).
Observation 3: OCC schemes shows similar aggregated throughput performance in case of OCC length 2.
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Appendix
Evaluation assumption
	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

	HARQ configuration 
	No HARQ

	Channel coding
	LDPC

	TBS
	96 bits 

	DMRS port 
	1 port per UE

	PRBs/MCS/RV
	1 PRBs / MCS 1 / {0, 0, 0, 0}

	Repetition number
	16

	OCC length 
	2

	OCC sequence
	[bookmark: _GoBack]Orthogonal sequences in Table 6.3.2.6.3-1/2 in TS38.211

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx
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