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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In the RAN1 #116-bis meeting [1], the link performance of OCC across slots, symbols, and within a symbol was discussed. The following agreements 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 
· [bookmark: OLE_LINK1]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




[bookmark: OLE_LINK2]In this contribution, we provide our views on the number of RBs supported in OCC for PUSCH and the down-selection of potential OCC techniques.
Discussion 
Support OCC for PUSCH in Rel-19 NR NTN: Number of RBs 
The number of RBs and the starting virtual resource block can be configured for UE based on current specifications. The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the detected PDCCH DCI except for a PUSCH transmission scheduled by a RAR UL grant or fallbackRAR UL grant, in which case the frequency domain resource allocation is determined according to clause 8.3 of [6, 38.213] or a MsgA PUSCH transmission with frequency domain resource allocation determined according to clause 8.1A of [6, 38.213]. 
Considering the actual service requirements and the scheduling flexibility, we think both 1 and 2 RBs should be supported; greater than 2 RBs can be further discussed.
Proposal 1: Both 1 and 2 RBs should be supported; greater than 2 RBs can be further discussed.
Down-selection of potential OCC techniques 
According to the agreements in RAN#116 and RAN1#116-bis, OCC may be applied inter-slot time-domain with PUSCH repetition Type A, inter-symbol(s), and within an OFDM symbol(comb-like structure as in PUCCH format 4). In the following part, we mainly discuss the potential solutions and provide our views on the down-selection of potential OCC techniques.
2.2.1 Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) 
Frequency domain OCC can be applied in PUSCH within a DFT-s-OFDM symbol, similar to that used in PUCCH format 4 defined in clause 6.3.2.6.3 of TS38.211, which can be a reference for OCC design. In our consideration, the pros and cons of intra-symbol pre-DFT-s OCC are as follows:
PROS：
· Minimal impact from TO and FO: The frequency domain OCC is done per sub-carrier rather than across sub-carriers; thus, there is minimal impact from the timing offset and frequency offset.
CONS:
· Impact on transmission power: As the multiplexed UE increases, the occupied frequency resources increase, and the UL transmission power per RB decreases, which may also degrade the coverage or capacity performance. For coverage-limited scenarios, although frequency domain OCC can enable multi-UE multiplexing, it may sacrifice each UE’s uplink performance. The impact on transmission power for power-limited UE should be further considered.
· 
High MCS required for VoIP: Considering VoIP with ≈184 bits payload, as the multiplexed UE increases,  decreases, resulting in a higher MCS required. The TBS determination is defined in Section 5.1.3.2 of TS 38.214 as follows:
1)	The UE shall first determine the number of REs (NRE) within the slot. 
· 





[bookmark: _Hlk500489688]A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1, 1_2 or 1_3 or as described for format 1_0 in Clause 5.1.6.2, and  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig.

2)	Unquantized intermediate variable (Ninfo) is obtained by .

Based on the simulation results summarized in [2], it seems that pre-DFT OCC for 2 UEs across 2 PRBs has the same capacity and performance as 2 UEs allocated to one PRB each. Thus, the performance of intra-symbol OCC may have a strong relationship with the number of RBs configured for UE. In the current stage, we think the performance gain is unclear, and more simulation results may be needed to measure its performance. 
Observation 1: Intra-symbol pre-DFT OCC is not sensitive to timing offset and frequency offset.
Observation 2: With the increasing number of multiplexed UEs, intra-symbol pre-DFT OCC may degrade the uplink performance of each UE, causing the transmit power to be allocated to more frequency resources.
Observation 3: Considering VoIP with ≈184 bits payload, intra-symbol pre-DFT OCC may require a higher MCS when the multiplexed UE number increases.
2.2.2 Inter-slot time domain OCC 
Inter-slot time domain OCC can be utilized together with PUSCH repetition type A, and the orthogonal sequence is applied to each repetition. In our consideration, the pros and cons of inter-slot time domain OCC are as follows:
PROS：
· OCC multiplexing possible with one UE without Rel-19 OCC capability: Inter-slot time domain OCC can be supported in a system that has two types of UE (UE with and without Rel-19 OCC capability), and may achieve the same performance as the system only has UE with OCC capability, while intra-symbol pre-DFT-s OCC may not achieve this.


Figure 1 An example of OCC multiplexing with one UE without Rel-19 OCC capability.
· Inter-slot time domain OCC may be more flexible for further enhancements, e.g., using non-orthogonal technology to enhance capacity/throughput.
CONS:
· Impact on TO and FO: Inter-slot time domain OCC is sensitive to phase deviation caused by TO and FO, which may impact the orthogonality and degrade the performance. 
· Longer Latency: For inter-slot time domain OCC, the receiver cannot decode the data unless all the data is received. When it fails to decode the data, all the UEs need to retransmit the whole repetitions, which may cause a quite long latency.
Observation 4: Inter-slot time domain OCC can be supported in a system with two types of UE (w and w/o Rel-19 OCC capability), which may achieve the same performance as the system only has UE with OCC capability.
Observation 5: For inter-slot time domain OCC, coherent combining is needed, which makes it sensitive to phase deviation. 
Observation 6: The receiver cannot decode the data unless all the data is received for inter-slot time domain OCC, which may cause a quite long latency.
Based on the above analysis, we suggest that inter-slot time domain OCC can be slightly preferred when the number of RBs is configured for UE ≥2.
Proposal 2: Inter-slot time domain OCC is slightly preferred when the number of RBs is configured for UE ≥ 2.
Potential Specification Aspects 
2.3.1 UCI multiplexing
Uplink control information (UCI) messages consist of HARQ-ACK, CSI, and SR. These UCI messages are encoded and transmitted through the PUCCH or are multiplexed on the PUSCH. Offset values are defined in clause 9.3 in TS 38.213 for a UE to determine the number of resources for multiplexing HARQ-ACK information and for multiplexing CSI reports in a PUSCH. Thus, UCI messages might be multiplexed onto one PUSCH slot, while other slots have no UCI, which may also break the orthogonality of the OCC.
From our perspective, to solve this issue, we think at least the following two solutions can be considered:
· Potential Solution 1: repeat UCI messages in all slots using inter-slot time domain OCC.
· Potential Solution 2: pre-reserving UCI resources in other slots.
Proposal 3: At least the following two solutions can be considered to solve the UCI multiplexing issue
· Potential Solution 1: repeat UCI messages in all slots using inter-slot time domain OCC.
· Potential Solution 2: pre-reserving UCI resources in other slots.
2.3.2 RV cycling across repetitions 
As defined in clause 7.3.1.1 of TS 38.212, a UE performing PUSCH repetitions will transmit a different RV at each repetition, which will make it difficult for a receiver to annul the interference produced by such a UE transmitting on the same time-frequency resources. For this reason, mechanisms for using RV cycling across repetitions should be discussed in RAN1.
As mentioned before, inter-slot time domain OCC is more sensitive to TO and FO. When the number of multiplexed UE increases, or a different RV is used for each slot, more repetition is needed, and the performance degradation may become more obvious. In this context, we support using a fixed RV number for repetitions in inter-slot time domain OCC, i.e., pause RV cycling until the end of OCC.
Proposal 4: RAN1 support using a fixed RV number for repetitions in inter-slot time domain OCC.
2.3.3 Coherent combining issue
There is one more issue for time domain OCC: it needs the UE to transmit the data in the same slots. However, in practical transmission, the UE may cancel some UL transmissions due to dropping rules or other reasons, which will break the orthogonality of the OCC.
As defined in clause 9 in TS 38.213, if PUSCH transmissions of a smaller priority index overlap with a PUCCH transmission with positive SR of a larger priority index, UE may transmit the PUCCH and does not transmit the overlapped PUSCH transmissions, which may also lead to a coherent combining issue. The above issue needs to be considered and studied. 
-	third, the UE resolves the overlapping for PUCCH and PUSCH transmissions of different priority indexes
-	the UE drops PUSCH transmissions of smaller priority index that overlap with a PUCCH transmission with positive SR of larger priority index prior to multiplexing UCI in a PUSCH transmission of smaller priority index, if any
-	the UE drops PUSCH transmissions of smaller priority index that overlap with a PUCCH transmission with  repetitions of larger priority index prior to multiplexing UCI in a PUSCH transmission of smaller priority index, if any
-	the UE multiplexes HARQ-ACK information in a PUSCH transmission, as is subsequently described in this clause for multiplexing HARQ-ACK information from a PUCCH transmission in a PUSCH transmission of a same priority index, if a PUCCH transmission with HARQ-ACK information of a first priority index overlaps with one or more PUSCH transmissions of a second priority index that is different than the first priority index

Proposal 5: Coherent combining issue in inter-slot time domain OCC caused by dropping rules or other reasons should be further considered.

Conclusions
In this contribution, we provide our views on the number of RBs supported in OCC for PUSCH and the down-selection of potential OCC techniques, and have the following observations and proposals:
Observation 1: Intra-symbol pre-DFT OCC is not sensitive to timing offset and frequency offset.
Observation 2: With the increasing number of multiplexed UEs, intra-symbol pre-DFT OCC may degrade the uplink performance of each UE, causing the transmit power to be allocated to more frequency resources.
Observation 3: Considering VoIP with ≈184 bits payload, intra-symbol pre-DFT OCC may require a higher MCS when the multiplexed UE number increases.
Observation 4: Inter-slot time domain OCC can be supported in a system with two types of UE (w and w/o Rel-19 OCC capability), which may achieve the same performance as the system only has UE with OCC capability.
Observation 5: For inter-slot time domain OCC, coherent combining is needed, which makes it sensitive to phase deviation. 
Observation 6: The receiver cannot decode the data unless all the data is received for inter-slot time domain OCC, which may cause a quite long latency.

Proposal 1: Both 1 and 2 RBs should be supported; greater than 2 RBs can be further considered.
Proposal 2: Inter-slot time domain OCC is slightly preferred when the number of RBs is configured for UE ≥ 2.
Proposal 3: At least the following two solutions can be considered to solve the UCI multiplexing issue
· Potential Solution 1: repeat UCI messages in all slots using inter-slot time domain OCC.
· Potential Solution 2: pre-reserving UCI resources in other slots.
Proposal 4: RAN1 support using a fixed RV number for repetitions in inter-slot time domain OCC.
Proposal 5: Coherent combining issue in inter-slot time domain OCC caused by dropping rules or other reasons should be further considered.
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