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1 Introduction
There are still some open issues regarding to multiplexing between PUCCH and PUSCH/PUCCH, as listed :
· Multiplexing between PUSCH and short-PUCCH within a slot

· Multiplexing between PUSCH and long-PUCCH within a slot
· Multiplexing between PUCCH and PUCCH within a slot
The contribution discusses these open issues.

2 Multiplexing between PUSCH and short-PUCCH within a slot
From the below agreement,
· Agreements: (@ RAN1#Adhoc in Jan) [1]
· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

NR supports UL data scheduled in short UL-part, and FDM of “PUSCH in short UL-part” and “short-PUCCH” is supported. In the section, we discuss in details for multiplexing between “PUSCH in (or not in) short UL-part” and short-PUCCH
2.1 Multiplexing between “PUSCH not in short UL-part” and “short-PUCCH” within a slot
Regarding to multiplexing of “PUSCH not in short UL-part” and “short-PUCCH” within a slot for one UE, one open issue is whether to support FDM or not. As shown in Figure 1, if FDM can be supported in addition to TDM, it provides flexibility for system to transmit additional UL data, which is better for resource utilization. However, there is concern from “max TX power” and “implementation perspective”, as discussed in the below : 

· Consideration of max TX power (power sum of PUSCH and PUCCH exceeds UE’s max TX power)
In such scenario, there is issue for power sharing between PUSCH and PUCCH. Typically, PUCCH’s power has higher allocation priority to protect reception of UCI. If the power of the last symbol’s PUSCH is scaled down due to prioritization of PUCCH, it may complicate the reception of PUSCH and may degrade its performance. For example, gNB may need to estimate if the power of the last symbol’s PUSCH is scaled down and adjust log-likelihood for demodulation.
· Implementation perspective (power transient period)
It is noted that there may exist certain power change between the first 13 symbols and the last symbol since there are two channel (PUSCH and PUCCH) transmitting at the same time in the last symbol. Considering the implementation, it takes power ramp up/down for power change and potential phase discontinuity may occur, as pointed out in Figure 1. If we try to guarantee PUCCH’s performance so that we restrict the power transient within the second last symbol only, there is certain distortion occurring in the second last symbol for PUSCH. In addition, there may exist phase discontinuity between the second last symbol and the last symbol. Without RS in the last symbol, gNB does not know the phase difference, which degrades reception of PUSCH.
To sum up, considering practical implementation issue, support of FDM does not provide system advantage. Therefore, it is proposed : 

Proposal #1: Only TDM is supported for multiplexing between “PUSCH not in short UL-part” and “short-PUCCH”.
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Figure 1. Multiplexing between “PUSCH not in short UL-part” and “short-PUCCH”
Resource utilization is more efficient if PUSCH and short PUCCH can share resource dynamically. As shown in Figure 2, NW may depend on the scheduled short-PUCCH in the last symbol and its location to determine whether PUSCH use the last symbol. Similarly, NW may also depend on SRS or PDCCH to determine whether PUSCH use the last few or the first few symbols or not. To realize the flexibility, it is proposed : 

Proposal #2: NR supports the starting and ending position (in time) for PUSCH indicated (or derived) in DCI, which schedules the corresponding PUSCH.
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Figure 2. Multiplexing between “PUSCH not in short UL-part” and “short-PUCCH” for one UE or two UEs

2.2 Multiplexing between “PUSCH in short UL-part” and “short-PUCCH” within a slot
From the below agreement,

· Agreements: (@ RAN1#Adhoc in Jan)
· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

NR supports UL data scheduled in short UL-part, and FDM of “PUSCH in short UL-part” and “short-PUCCH” is supported. Short-PUCCH may take one or two symbols, and therefore we analyze the potential combination between FDM of “PUSCH in short UL-part” and “short-PUCCH” with respective of one or two symbols. As shown in Figure 3, there are three different scenarios addressed. 

· Scenario A : FDM (same duration of PUSCH and PUCCH)

· Scenario B : TDM of PUSCH and PUCCH

· Scenario C : FDM (different duration of PUSCH and PUCCH)

There is no implementation issue for Scenario A and for Scenario B. However, there is implementation concern for Scenario C. The power transient between these two symbols may cause distortion and phase discontinuity, as described in Section 2.1 and also in Figure 1. Therefore, considering practical implementation issue, support of Scenario C does not provide system advantage. Therefore, it is proposed : 

Proposal #3: Regarding to multiplexing between “PUSCH not in short UL-part” and “short-PUCCH”.
· TDM is supported

· FDM is supported in case of same duration of PUSCH and PUCCH
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Figure 3. Multiplexing between “PUSCH in short UL-part” and “short-PUCCH”
3 Multiplexing between PUSCH and long-PUCCH within a slot
It was agreed that NR support simultaneous PUSCH and PUCCH transmission. It is still an open issue that whether PUSCH and Long-PUCCH can have different duration. As shown in Figure 4b, system may reserve partial frequency region of the last symbol for SRS or short-PUCCH for flexibility, and therefore PUSCH and Long-PUCCH may have different duration. However, due to same practical issue of power transient (please refer to discussion in Section 2.1 and also in Figure 1 for more description), the scenario shall not be supported. Therefore, it is proposed that

Proposal #4: For simultaneous PUSCH and PUCCH, PUSCH and PUCCH have the same time duration.
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Figure 4. Multiplexing between PUSCH and long-PUCCH
4 Multiplexing between PUCCH and PUCCH within a slot
It is agreed @ RAN1#88bis, 

Agreements:

· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.

· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

Figure 5 shows the agreed scenario and FFS scenario. Regarding to multiplexing between long-PUCCH and short-PUCCH, only TDM shall be supported (as Case 1a in Figure 5) since FDM (as Case 1b in Figure 5) also suffer issues of power transient.

Proposal #5: Only TDM is supported for multiplexing between long-PUCCH and short-PUCCH.

Regarding to multiplexing between short-PUCCH and short-PUCCH, Case 2a is agreed to be supported. Case 2b also provides system flexibility. For example, CSI reporting can be transmitted in one short-PUCCH and dynamic ACK feedback can be transmitted in another short-PUCCH without aggregating them together. Since CSI reporting and ACK feedback may have different targeting code rate, it may be convenient if they are transmitted separately. Considering issues of power transient, FDM between short-PUCCH and short-PUCCH shall be supported only in case they have the same time duration.
Proposal #6: FDM is supported for multiplexing between short-PUCCH and short-PUCCH in case they have the same duration.
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Figure 5. Multiplexing between PUCCH and PUCCH
5 Conclusion
This contribution analyzes multiplexing aspects between PUSCH/PUCCH and PUCCH, and we have the below proposals :

Proposal #1: Only TDM is supported for multiplexing between “PUSCH not in short UL-part” and “short-PUCCH”.

Proposal #2: NR supports the starting and ending position (in time) for PUSCH indicated (or derived) in DCI, which schedules the corresponding PUSCH.

Proposal #3: Regarding to multiplexing between “PUSCH not in short UL-part” and “short-PUCCH”.

· TDM is supported

· FDM is supported in case of same duration of PUSCH and PUCCH
Proposal #4: For simultaneous PUSCH and PUCCH, PUSCH and PUCCH have the same time duration.

Proposal #5: Only TDM is supported for multiplexing between long-PUCCH and short-PUCCH.

Proposal #6: FDM is supported for multiplexing between short-PUCCH and short-PUCCH in case they have the same duration.
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