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Introduction
In RAN1 #116b meeting, the following agreements on uplink capacity enhancement for NR NTN were achieved.
	[bookmark: _Hlk164098130]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





In this contribution, we provide some discussion on the uplink capacity enhancement.
OCC techniques
In RAN1 #116b, the following on PUSCH with OCC has been agreed.
	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



The key aspect is to determine the OCC granularity. For PUSCH repetition Type A, UE transmits different repetitions in different slots. OCC usually requires highly correlated channel. Although the inter-slot OCC is the easiest way for UE implementation, the channel across slots could be uncorrelated. Then the orthogonality performance could be one problem. Therefore, it is better to consider inter-symbol or intra-symbol OCC. Compared to inter-symbol OCC, the intra-symbol OCC may increase the PAPR. Thus, inter-symbol OCC is preferred. 
Proposal 1: With regard to the performance and PAPR, inter-symbol OCC for PUSCH with Type A repetition is preferred.
Potential spec impact
TBS calculation and rate matching
For intra-symbol/inter-symbol OCC, since the REs corresponding to an OCC group should be used to transmit the same precoded symbol, the number of available REs for PUSCH for TBS calculation and rate matching should be scaled by the OCC length. For inter-slot OCC, no spec change is required for the TBS calculation and rate matching. Further, for inter-symbol/inter-slot OCC, there may be some orphan symbols/slots. One possible way is to consider the REs on the orphan symbols/slots are not available for PUSCH rate matching.
UCI multiplexing
Currently UCI is transmitted in the first repetition for PUSCH repetition Type A. The UCI and data can be multiplexed in the same symbol or different symbols. Therefore, when OCC is enabled, UE should also transmit the UCI based on OCC operation. For intra/inter-symbol OCC, it is still possible to maintain the same principle that UE transmits the UCI on the first repetition only. For inter-slot OCC, UE should transmit the UCI in multiple consecutive slots corresponding to one OCC group.
RV across all the repetitions
For intra-symbol/inter-symbol OCC, it is unnecessary to enhance the RV across all the repetitions. Thus, UE just transmits the data for each slot based on the indicated RV. For inter-slot OCC, the UE should transmit the repetitions corresponding to an OCC group based on the same RV. 
Frequency hopping
For intra-symbol/inter-slot OCC, no spec impact could be required with regard to frequency hopping. For inter-symbol OCC, the OCC should be applied to the symbols in the same hop. Then it is possible to see some orphan symbols. But orphan symbol could not be a dedicated problem caused by frequency hopping. Instead, based on the TDRA and indicated OCC length, there may be some orphan symbols. One possible way is to consider the orphan symbols are not available for rate matching.
OCC indication/configuration
The OCC indication/configuration can be a common issue for all the OCC techniques. One simple way is to provide the configuration based on the uplink grant. With regard to the signaling overhead, the OCC indication/configuration can be provided based on different TDRA indication. For intra-symbol OCC, to reduce the PAPR, intra-symbol OCC hopping can be considered. For inter-symbol/inter-slot OCC, to randomize the interference, the inter-symbol/inter-slot OCC hopping can also be considered.
Uplink power control
For intra-symbol/inter-symbol OCC, since new rate matching rule should be introduced, the BPRE calculation for uplink power control can be based on the new rate matching rule. Thus, the number of REs for the BPRE calculation can be scaled by the OCC length. For inter-slot OCC, UE should maintain the same transmission power for the repetitions (transmission occasions) corresponding to an OCC group.
Summary
Based on the discussion above, the potential spec impacts for different OCC techniques are summarized as follows:
Proposal 2: Consider the following spec impact for different OCC techniques
	
	Intra-symbol OCC
	Inter-symbol OCC
	Inter-slot OCC

	TBS calculation and rate matching
	Number of REs scaled by the OCC length
	Number of REs scaled by the OCC length
REs on the orphan symbols should be “not available” for rate matching
	REs on the orphan slots should be “not available” for rate matching

	UCI multiplexing
	Number of REs for UCI scaled by the OCC length
	Number of REs for UCI scaled by the OCC length
	UCI should be transmitted at least in the consecutive 2 or 4 slots corresponding to an OCC group

	RV
	No spec impact could be required
	No spec impact could be required
	RV should be the same for the consecutive 2 or 4 slots corresponding to an OCC group

	Frequency hopping
	No spec impact could be required
	OCC should be applied to symbols within a hop 
	No spec impact

	OCC indication/configuration
	OCC Could be based on the uplink grant
Intra-symbol OCC hopping to reduce the PAPR
	OCC Could be based on the uplink grant
Inter-symbol OCC hopping for interference randomization
	OCC Could be based on the uplink grant
Inter-slot OCC hopping for interference randomization

	Power control
	BPRE calculation should consider the OCC length
	BPRE calculation should consider the OCC length
	Maintain the same transmission power for the repetitions corresponding to an OCC group




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: With regard to the performance and PAPR, inter-symbol OCC for PUSCH with Type A repetition is preferred.
Proposal 2: Consider the following spec impact for different OCC techniques
	
	Intra-symbol OCC
	Inter-symbol OCC
	Inter-slot OCC

	TBS calculation and rate matching
	Number of REs scaled by the OCC length
	Number of REs scaled by the OCC length
REs on the orphan symbols should be “not available” for rate matching
	REs on the orphan slots should be “not available” for rate matching

	UCI multiplexing
	Number of REs for UCI scaled by the OCC length
	Number of REs for UCI scaled by the OCC length
	UCI should be transmitted at least in the consecutive 2 or 4 slots corresponding to an OCC group

	RV
	No spec impact could be required
	No spec impact could be required
	RV should be the same for the consecutive 2 or 4 slots corresponding to an OCC group

	Frequency hopping
	No spec impact could be required
	OCC should be applied to symbols within a hop 
	No spec impact could be required

	OCC indication/configuration
	OCC Could be based on the uplink grant
Intra-symbol OCC hopping to reduce the PAPR
	OCC Could be based on the uplink grant
Inter-symbol OCC hopping for interference randomization
	OCC Could be based on the uplink grant
Inter-slot OCC hopping for interference randomization

	Power control
	BPRE calculation should consider the OCC length
	BPRE calculation should consider the OCC length
	Maintain the same transmission power for the repetitions corresponding to an OCC group




