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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#100, one of the issues discussed without any conclusion was:
· UCI multiplexing on PUSCH for PUSCH repetition Type B [1]

This contribution discusses this issue and offers some proposals.
2. Discussions 
In Rel-15, when a UCI transmission (carried by PUCCH or PUSCH) collides with a PUSCH, the UCI bits are multiplexed into the PUSCH.  Since neither PUCCH nor PUSCH can cross a slot boundary, it is straightforward which PUSCH the UCI multiplexes into since there is only one candidate.  However, for Rel-16 PUSCH repetition, there are multiple actual PUSCHs that the UCI can be multiplexed into.  In the discussion on UCI multiplexing onto Rel-16 PUSCH repetition Type B [1], two issues were identified:
· Issue 1: Which PUSCH repetition should the UCI be multiplexed onto
· Issue 2: How to allocate resource for the UCI since an actual PUSCH repetition may have less resource than a nominal PUSCH repetition

On Issue 1, three options were discussed:
· Option 1: The timeline conditions defined in TS 38.213 Section 9.2.5 should be satisfied by replacing PUSCHs with actual PUSCH repetitions. UCI is multiplexed on the first actual repetition. An actual PUSCH repetition that is not transmitted is not considered in the procedure.
· Option 2: UCI is multiplexed on the first actual repetition that satisfies the timeline conditions defined in TS 38.213 Section 9.2.5.
· Option 3: UCI is multiplexed on the overlapping actual repetition that has the largest number of symbols.
During the discussion some companies recognized that Issue 1 and Issue 2 should not be handled independently but rather they should be a single issue.  If the selection of actual PUSCH and the determination of resource for UCI are independently determined then this may result in a case where an actual PUSCH that is selected may not have the resource to carry the UCI reliably.  For example, in Figure 1, DCI#1 and DCI#2 schedule PDSCH#1 and PDSCH#2 respectively where their HARQ-ACK feedbacks are multiplexed into a PUCCH in Slot n+3 between time t8 and t10.  DCI#3 schedules a PUSCH repetition with L=5 and nominal repetition KN=5 between time t7 to t16, thereby colliding with the PUCCH.  Due to an invalid symbol and a slot boundary between Slot n+3 and n+4, the UE performed PUSCH segmentation leading to an actual repetition KA=6.  In this example, we assume that we need an actual PUSCH with at least 3 symbols to reliably carry the multiplexed UCI.  We analyse the 3 options as follows:
· Option 1 would lead to an error since the PUSCH transmission does not meet the UCI multiplexing timeline conditions as the 1st actual PUSCH starts before Tproc,1 ends (where Tproc,1 starts after the end of PDSCH#2) and so the UCI is not multiplexed.  
· Option 2 would select the 2nd actual PUSCH repetition to multiplex the UCI since it is the earliest actual PUSCH that meets the UCI multiplexing timeline conditions.  However, the 2nd actual PUSCH does not have sufficient resources to reliably carry the UCI.
· Option 3 selects the largest actual PUSCH repetition that overlaps with the PUCCH.  In this example the UE will select the 1st actual PUSCH but this PUSCH violates the UCI multiplexing timeline.  
The most suitable actual PUSCH in this example should be the 4th actual PUSCH repetition which is the earliest actual PUSCH with sufficient resource to carry the UCI reliably.  However, none of the options discussed selects the suitable PUSCH because the PUSCH selection is independent of the UCI resource determination.
Observation 1: Selection of an actual PUSCH repetition for UCI multiplexing without considering the resources available in the actual PUSCH for UCI may lead to the UCI being multiplexed inefficiently, i.e. the actual PUSCH repetition does not have sufficient resource to carry the UCI that meets the reliability requirement.
Proposal 1: Selection of actual PUSCH repetition and determination of PUSCH resource for UCI multiplexing should be considered jointly.
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[bookmark: _Ref37075197]Figure 1: Actual PUSCH repetition selection for UCI
In Rel-15, the number of coded modulation symbols , to carry the UCI [2], e.g. HARQ-ACK bits OACK and the CRC bits LACK, is:

The first part of the equation determines the number of modulation symbols required to reliably carry the UCI bits and this is determined using the , which is typically indicated in the UL Grant, where the TBS (i.e. ) is based on the nominal PUSCH.  Hence, one way to avoid selecting an inefficient actual PUSCH repetition (i.e. one that does not have sufficient resource to carry the UCI bits reliably) is to ensure that the available resources Qk, in actual PUSCH repetition k, at least exceeds a threshold QT before it is considered as a candidate for UCI multiplexing, i.e.:
Qk ≥ QT
Where,

It should be appreciated that if the UCI contains CSI bits then QT would also take these CSI bits into account.  

In Rel-15, the available resource in a (nominal) PUSCH that can be used for UCI is determined by the scaling factor , i.e. , which is the second part of the , equation.  The available resources Qk of an actual PUSCH that can be used for UCI can similarly be determined by the scaling factor .  However,  is RRC configured and is based on nominal PUSCH and since actual PUSCH may have less resources than a nominal PUSCH, a separate scaling factor may be required.  Alternatively, all the resource of an actual PUSCH repetition can be used for UCI since the data in the PUSCH is repeated anyway.
Proposal 2: An actual PUSCH repetition k is considered for UCI multiplexing if its available resources Qk ≥ QT:
· The threshold QT, is the number of coded modulation symbols required to reliably carry the UCI based on the  applied on the nominal PUSCH
· Qk is the number of REs in the actual PUSCH excluding those that carry DMRS 

It is possible that more than one actual PUSCH candidate has sufficient resources, i.e. Qk ≥ QT, and so among these actual PUSCH repetitions, the UE can select the earliest actual PUSCH that meets the UCI multiplexing timeline conditions as defined in TS 38.213 Section 9.2.5.  Using the example in Figure 1 where we assume that QT requires at least 3 OFDM symbols worth of PUSCH, then actual PUSCH repetitions that meet the requirement are the 4th, 5th and 6th actual PUSCH repetition and since the 4th actual PUSCH is the earliest PUSCH candidate, the UE selects the 4th actual PUSCH repetition for UCI multiplexing.
Proposal 3: The UE selects the earliest PUSCH repetition that has available resources that is equal or greater than the threshold, i.e. Qk ≥ QT that meets the UCI multiplexing timeline conditions defined in TS 38.213 Section 9.2.5.

If none of the actual PUSCH candidates have sufficient available resources, then the UE will select the earliest actual PUSCH with the largest resource that meets the timeline condition.  Using the example in Figure 1 again, if now we assume that the UCI requires at least 6 OFDM symbols to be carried reliably, then none of the actual PUSCHs meet the requirement.  The 5th and 6th actual PUSCH repetitions have the same size and also are the largest PUSCH and the earliest among them is the 5th actual PUSCH.  Hence the UE select the 5th actual PUSCH repetition for UCI multiplexing.
Proposal 4: If none of the actual PUSCH has sufficient resource to carry the UCI reliably, then the earliest largest actual PUSCH is used for UCI multiplexing.

We can also consider multiplexing the UCI into multiple actual PUSCH repetitions.  This may be useful if the actual PUSCHs do not have sufficient resources to carry the UCI reliably and so the gNB may use a smaller  for the UCI bits but compensate back with repetitions of the UCI bits across multiple actual PUSCH repetitions.
Proposal 5: Consider allowing UCI bits to be repeated across multiple actual PUSCH repetitions.

Another consideration is to allow different parts of the UCI to be carried by different actual PUSCH repetition.  For example, HARQ-ACK bits which require high reliability can be carried by an actual PUSCH repetition and the CSI bits carried by another PUSCH repetition.
[bookmark: _GoBack]Proposal 6: Consider splitting the UCI bits such that HARQ-ACK bits are carried by one actual PUSCH repetition and the CSI bits carried by another actual PUSCH repetition.

3. Conclusion
In this contribution, we discuss the multiplexing of UCI into Rel-16 PUSCH repetitions.  We observe the following: 
Observation 1: Selection of an actual PUSCH repetition for UCI multiplexing without considering the resources available in the actual PUSCH for UCI may lead to the UCI being multiplexed inefficiently, i.e. the actual PUSCH repetition does not have sufficient resource to carry the UCI that meets the reliability requirement.

We therefore propose the following:
Proposal 1: Selection of actual PUSCH repetition and determination of PUSCH resource for UCI multiplexing should be considered jointly.
Proposal 2: An actual PUSCH repetition k is considered for UCI multiplexing if its available resources Qk ≥ QT:
· The threshold QT, is the number of coded modulation symbols required to reliably carry the UCI based on the  applied on the nominal PUSCH
· Qk is the number of REs in the actual PUSCH excluding those that carry DMRS 

Proposal 3: The UE selects the earliest PUSCH repetition that has available resources that is equal or greater than the threshold, i.e. Qk ≥ QT that meets the UCI multiplexing timeline conditions defined in TS 38.213 Section 9.2.5.
Proposal 4: If none of the actual PUSCH has sufficient resource to carry the UCI reliably, then the earliest largest actual PUSCH is used for UCI multiplexing.
Proposal 5: Consider allowing UCI bits to be repeated across multiple actual PUSCH repetitions.
Proposal 6: Consider splitting the UCI bits such that HARQ-ACK bits are carried by one actual PUSCH repetition and the CSI bits carried by another actual PUSCH repetition.
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