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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8][bookmark: OLE_LINK3]In the RAN1 #116 meeting [1-2], evaluation parameters, assumptions for modelling impairments and KPIs were discussed. In this contribution, we further discuss the potential solutions for the mapping of OCC with PUSCH.
Discussion on Mapping of OCC
According to the WID for Rel-19 NR NTN, OCC can be applied across OFDM symbols, across slots, and within an OFDM symbol. In the following part, we mainly discuss the potential solutions, noted as inter-slot time-domain OCC, inter-symbol time domain OCC, and intra-symbol pre-DFT OCC.
Intra-symbol pre-DFT OCC 
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 we think can be a reference for OCC design.
Fig.1 shows a simple example of how OCC is realized in PUCCH F4. Considering 2 UEs, and each UE has two symbols to be transmitted, noted as [a1, a2] for UE1 and [b1, b2] for UE2. Then, block-wise spreading is applied to the symbols respectively, where [1, 1] is applied to UE1 and [1, -1] is applied to UE2. Then, the spread symbols for UE1 becomes [a1, a2, a1, a2] and for UE2 becomes [b1, b2, -b1, -b2]. After that, DFT is applied, finally, we get complex-valued symbols [z0, 0, z2, 0] for UE1 and [0, z1, 0, z3] for UE2, where [z0, z2] only consists of the data from UE1 and [z1, z3] only consists of the data from UE2. Then, at the receiver, it receives the combined symbols [z0, z1, z2, z3], and it can easily separate the data of UE1 and UE2.


Fig.1 Illustration of intra-symbol pre-DFT OCC
Potential impacts:
· Timing offset: Timing offset would result in a phase difference between different sub-carriers within the same symbol. The frequency domain OCC is done per sub-carrier rather than across sub-carriers; thus, there is minimal impact from the timing offset.
· Frequency offset: Intra-symbol pre-DFT OCC is expected to be robust to FO.
· Others: 
· Decreased transmit power: In the above case, we only consider the multiplying of 2 UEs; as the multiplexed UE increases, the occupied frequency resources increase, and the transmit power per RB decreases, which may also degrade the coverage & capacity performance. For coverage-limited scenarios, although frequency domain OCC can enable multi-UE multiplexing, it may sacrifice each UE’s uplink performance. A balance may be needed between the number of multiplexed UEs and the target uplink data rate.
· 
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 .

· Different sizes of uplink data among different UEs: Another issue may be the different sizes of uplink data among different UEs. Considering PUCCH F4, one RB is occupied in the frequency domain. For PUSCH, however, different number of RBs maybe allocated for different UE considering different uplink transmission requirements, it seems complicated to schedule a set of UEs using the same number of RBs. In this case, frequency domain OCC may meet some issues, e.g., to ensure orthogonality, decoding at the receiver.
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: For PUSCH, different number of RBs maybe allocated for different UE considering different uplink transmission requirements. In this case, it may be a problem to perform frequency domain OCC.
Proposal 1: For frequency domain OCC, it needs to study whether different number of RBs can be scheduled among multiplexed UEs.
Inter-symbol time domain OCC 
Following a similar way as PUCCH format 1 as defined in clause 6.3.2.4.1 of TS38.211, OCC can be applied in PUSCH across DFT-s-OFDM symbols in the time domain.
As illustrated in Fig.2, considering two UEs, UE1 transmits “a1” while UE2 transmits “b1” with 1 symbol. The orthogonal sequence configured for UE1 is [1, 1], and for UE2 is [1, -1]. Then, UE1 transmits [a1, a1] and UE2 transmits [b1, -b1] in symbol 1 and 2. On the receiver side, the same orthogonal sequences are applied to decode the data from UE1 and UE2, respectively.


Fig.2 Illustration of inter-symbol time domain OCC
Potential impacts:
· Timing offset and Frequency offset: The impact of TO and FO on inter-symbol time domain OCC is more significant than that of frequency domain OCC but smaller than that of inter-slot time domain OCC. The impact increases (gets worse) as the OCC length increases.
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. As shown in Fig.3, considering two UEs, UE1 transmits “a1” with 2 repetitions while UE2 transmits “b1” with 2 repetitions. The orthogonal sequence configured for UE1 is [1, 1], and for UE2 is [1, -1]. Then, UE1 transmits [a1, a1] and UE2 transmits [b1, -b1] in slot 1 and 2. On the receiver side, the same orthogonal sequences are applied to decode the data from UE1 and UE2, respectively. In Fig. 3, we assume the same RV is utilized in each slot.


Fig.3 Illustration of inter-slot time domain OCC
Potential impacts:
· Timing offset: Timing offset would result in a phase difference between different slots. It can be known from the above illustration that coherent combining is needed for decoding each UE’s data. Thus, inter-slot time domain OCC is sensitive to phase deviation, which may impact the orthogonality and degrade the performance. When the number of multiplexed UE increases, or a different RV is used for each UE, more repetition is needed, and the performance degradation may become more obvious.
· Frequency offset: FO's impact will worsen as the number of multiplexed UE increases.
· Others: 
· 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 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. When it fails to decode the data, all the UEs need to retransmit the whole repetition.
Proposal 2: For inter-slot OCC, it needs to clarify whether RV-level OCC can be used. Considering the impact of TO and FO, inter-slot OCC having the same RV should be prioritized.
Proposal 3: For the mapping of OCC with PUSCH, at least the following can be studied.
· Inter-slot time-domain OCC with continuous symbols
· Inter-symbol time domain OCC with continuous symbols
· Intra-symbol pre-DFT OCC similar to OCC scheme of PUCCH format 4.

Conclusions
In this contribution, we discuss the potential solutions for the mapping of OCC with PUSCH 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: For PUSCH, different number of RBs maybe allocated for different UE considering different uplink transmission requirements. In this case, it may be a problem to perform frequency domain OCC.
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. When it fails to decode the data, all the UEs need to retransmit the whole repetition.

Proposal 1: For frequency domain OCC, it needs to study whether different number of RBs can be scheduled among multiplexed UEs.
Proposal 2: For inter-slot OCC, it needs to clarify whether RV-level OCC can be used. Considering the impact of TO and FO, inter-slot OCC having the same RV should be prioritized.
Proposal 3: For the mapping of OCC with PUSCH, at least the following can be studied.
· Inter-slot time-domain OCC with continuous symbols
· Inter-symbol time domain OCC with continuous symbols
· Intra-symbol pre-DFT OCC similar to OCC scheme of PUCCH format 4.
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