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In the RAN1 Meeting #92bis, the partial overlapping scenarios between PUCCH and PUCCH/PUSCH were discussed extensively for NR, and the following working assumption are reached in the end.
Working assumption:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· The definition of N1 and N2 follows the same definition in current NR spec. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.
In this contribution, the scenarios of this work assumption applied to are discussed and some remaining issues are clarified in further.
Partial Overlap between PUCCHs
Partial overlap of PUCCHs for SR/P-CSI and HARQ-ACK
The PUCCH resource for the UE to transmit HARQ-ACK information is dynamically dependent on the total payload size and indicated by ARI. On the contrary, the resource of PUCCH transmission for SR or periodic CSI is configured by higher layer signaling semi-statistically. In order to multiplex them together, the working assumption specifies two timelines as the conditions such that if they are satisfied, the UCI(s) could be multiplexed, otherwise, UE behaviors may not be specified.  As illustrated in Figure 1, the N1+X is defined as the duration between last symbol of PDSCH to the earliest PUCCH transmission and N2+Y is defined as the duration between last symbol of PDCCH to the earliest PUCCH channel.
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[bookmark: _Ref513124600]Figure 1. Timeline of Overlapping of Two PUCCHs
Once the UE receives the DL assignment which schedules the PDSCH, UE should be aware at which resource to transmit HARQ-ACK and also be aware whether the resources of HARQ-ACK and PUCCH carrying CSI/SR overlaps or not. 
Then one way to multiplex SR and HARQ-ACK resource is both timelines are required to be satisfied. To be more specific, before N2+Y instance (relative to the earliest PUCCH), either CSI report or SR should be ready: namely, the CSI measurement is finished and CSI report has been prepared; SR is also known as positive or negative at the PHY layer. However, this way of multiplexing of UCI may impose a more constraint condition in time. 
Another way of multiplexing is only to consider that N1+X timeline is satisfied. To be more specific, if the UE knows the overlapping of two PUCCH resources, the multiplexing of SR/P-CSI and HARQ-ACK may depend on the UE processing capability. The SR and CSI does not need to be ready before N2+Y instance, and they could be  prepared including jointly encoding with HARQ-ACK until the start of transmission. For example, before N2+Y, the SR could be negative and UE will assume to multiplex negative SR and HARQ-ACK on the HARQ-ACK resource. If SR toggles to positive during the period of N1+X, for some UEs with strong processing capability, it is possible to multiplex positive SR with HARQ-ACK, while for  some UEs with weak processing capability, it may not have enough time to change the SR status.  On the other hand, the X could be specified large enough to piggyback the SR/CSI on the resource of HARQ-ACK.
Observation 1: Only N1+X timeline could be followed when semi-statistic PUCCH and dynamic PUCCH partially overlap. 

One remaining issue is K SR occasions and HARQ-ACK resource all using PF1 overlap in time.  For single SR and HARQ-ACK overlapping case, resource selection scheme similar as in LTE is adopted in NR, namely, if SR  is negative, HARQ-ACK is transmitted on HARQ-ACK resource, while if SR is positive, SR resource is used to transmit HARQ-ACK. This scheme could be extended to the scenario when multiple SR (K SR) occasions overlap with HARQ-ACK resource, For this case, if the timeline as proposed before is satisfied, the HARQ-ACK resource will be used to convey HARQ-ACK if all K SR are negative, and the particular SR resource will be used to convey HARQ-ACK if the selected SR by MAC layer of the UE is positive.  
Proposal 1: When HARQ-ACK and K SR transmission all using PUCCH format 1 overlap with each other, if all SRs are negative, HARQ-ACK is transmitted on the HARQ-ACK resource; if the selected SR is positive, HARQ-ACK is transmitted on that SR resource
A similar issue is when HARQ-ACK is configured with PUCCH format 0 and overlaps with SR(s). SR could multiplex on the HARQ-ACK resource, different cyclic shift could be used to indicate the presence or absence of the SR, which is similar to fully overlapping case with the same starting and ending symbol. However, one problem is how to indicate which SR is transmitted, if two SR occasions with different resource ID happen to collide with the same HARQ-ACK transmission. One solution is to multiplex the SR on the overlapping symbol of the HARQ-ACK resource. In one example shown in Figure 2(a), as the resource of SR0 overlaps with symbol 0 of the HARQ-ACK resource, the SR0 is multiplexed on the symbol 0. In another example shown in Figure 2(b), as the resource of SR1 overlaps with symbol 1 of the HARQ-ACK resource, the symbol 1 of HARQ-ACK resource is used to convey SR1. Therefore, the gNB could distinguish these two SR based on the symbol it is multiplexed to.  Furthermore, if one SR overlaps with both symbols of the HARQ-ACK resource, like Figure 3, SR could be multiplexed on both of them.
Proposal 2: When the HARQ-ACK resource is configured with PUCCH format 0 and overlaps with SR transmission, SR is multiplexed on the overlapping symbols of the HARQ-ACK resource.
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[bookmark: _Ref513824049]Figure 2. Multiple SR occasions with multiple SR configuration partially overlap with HARQ-ACK
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[bookmark: _Ref513824120]Figure 3. HARQ-ACK resource is contained within SR resource
Another remaining issue is how to deal with the “single resource set issue”. In RAN1 Meeting #92bis, a proposal, as listed in appendix, was raised for discussion on when HARQ-ACK/SR and CSI PUCCH resources have the same starting symbol and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, if only single PUCCH resource set is configured and indicated by ARI, what would be the UE behavior. Considering in this case, the UE may need flexibility to accommodate large variation of UCI payload including HARQ-ACK/SR/CSI, single resource set configured may not be enough, for simplicity, the UE may not be expected to transmit corresponding HARQ-ACK/SR and the CSI report in that slot. 
Proposal 3: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
Partial overlap between PUCCHs for SR, P-CS and HARQ-ACK
For the PUCCH resources for SR, P-CSI and HARQ-ACK, two of these three resources may overlap with the third one. One possible way is to multiplex two PUCCHs together and separate with the third PUCCH in time. But the problem is that it is hard to find a common rule or order to multiplex first two PUCCHs. To unify the design, same timelines requirements in work assumption can be applied for this case. As shown in Figure 4, duration N1+X starts from the last symbol of PDSCH to the first PUCCH resources, and N2+Y is a duration starts from last grant for UL transmission to the first PUCCH resources. Generally, if the timeline requirements are satisfied, all of the SR, P-CSI and HARQ-ACK should be multiplexed on the dynamically determined resource for HARQ-ACK.
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[bookmark: _Ref513824255]Figure 4 . Two PUCCH resources overlaps with third one
Proposal 4: For PUCCH resources for HARQ-ACK, SR and periodic CSI in a slot, two of resources overlap with the third one simultaneously:
· If both N1+X and N2+Y are satisfied, one PUCCH resource can be used to transmit all of them. The PUCCH resource is indicated by ARI from a resource set and the resource set is determined by the total number of HARQ-ACK, SR and CSI.
· Otherwise, UE behaviours are not specified.
Partial overlap between PUCCHs for SR and P-CSI
Unlike the PUCCH resource of HARQ-ACK that are dynamically scheduled, there is no DL assignment for PUCCHs which are semi-statistically allocated by higher layers. As shown in Figure 5, SR and P-CSI resources are allocated without any grants. Base on the agreement in Appendix, when a configured CSI resource overlaps one or more configured SR resource, the UE multiplexes them together on the CSI resources. Because both resources are semi-statistically allocated, the UE should be aware of the overlapping when the higher layer parameter is configured. Therefore no timeline needs to be followed.

[bookmark: _Ref513141428]Figure 5. Semi-statistic PUCCHs overlapping
Observation 2: When SR and P-CSI resources overlap in time, no timeline needs to follow when multiplexing them on the resource of one PUCCH.
Partial Overlap between PUCCH and PUSCH(s)
Overlapping between PUCCH and grant based PUSCH
When the resource of a grant-based PUSCH overlaps with a resource of PUCCH which is scheduled semi-statistically, for example P-CSI shown in Figure 6, there is no timeline N1+X needs to be satisfied. However, UE could know the location of P-CSI resource and be aware of the overlapping between PUSCH and PUCCH, and therefore multiplexing P-CSI on PUSCH is feasible to achieve. Generally, N2 is the PUSCH preparation time. To piggyback the P-CSI on PUSCH, extra time may be needed to apply rate matching or puncture on PUSCH. Therefore, Y should be taken an appropriate value to cover this extra time.
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[bookmark: _Ref513141922]Figure 6. P-CSI overlaps with grant-based PUSCH
On the other hand, grant-based PUSCH could overlap with a dynamically scheduled PUCCH such as HARQ-ACK. As shown in Figure 7, in this case, both timelines N1+X and N2+Y should be satisfied in order to multiplex A/N on the resource of PUSCH. 
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[bookmark: _Ref513143077]Figure 7. A/N overlaps with grant-based PUSCH
Specifically, in Figure 7 (a), the timeline N2+Y starts from the end of UL grant (the latest of two DCI) to earliest PUSCH or PUCCH and in Figure 7 (b), the timeline N2+Y starts from the end of DL assignment for PDSCH (the latest of two DCI) to the earliest PUSCH or PUCCH. From these scenarios, the following observation could be made.
Observation 3: X and Y should be large enough to cover the process time of rate matching or puncturing during multiplexing.
Base on the above discussion and observations, we have the following proposal:
 Proposal 5: For multiplexing PUCCH and PUCCH/PUSCH, X, Y values are taken as following:
· For FR1, X=Y=1 OFDM Symbol;
· For FR2, X=Y=3 OFDM Symbols. 
Overlapping between PUCCH and grant-free PUSCHs
For grant-free PUSCH, the resource and possible transmission timing is also configured by higher layer parameter. But the resources configured may not be used if there is no uplink data to be transmitted. If UE wants to piggyback the UCI on grant free PUSCH transmission, the timeline requirement may also be  applied as shown in Figure 8, in which the N2+Y is from the end of DCI for HARQ-ACK as there is no DCI for GF PUSCH.    
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[bookmark: _Ref513824577]Figure 8. HARQ-ACK overlaps with grant-free PUSCH
Proposal 6: The work assumption are also applicable for overlapping between grant-free PUSCH and PUCCH.
Overlapping between PUCCH and A-CSI
Aperiodic CSI is triggered by DCI and conveyed on a PUSCH. If this PUSCH collides with a PUCCH transmission, for example a HARQ-ACK PUCCH, the timeline should be defined separately. According to the agreement in Appendix, the least time for generate an A-CSI report is listed in the table. The timeline from the last symbol of DCI to trigger the A-CSI to the earliest PUCCH or PUSCH should be defined as a Ztotal. Shown in Figure 9, Ztotal = Z + Y’ and Z is minimum time to measure and prepare the A-CSI report, and the extra time Y’ is required to realize jointly encoding A-CSI with data and HARQ-ACK. However, according to the agreement in appendix, when A-CSI only without UL-SCH has a same starting symbol with HARQ-ACK, the A-CSI report is dropped. To simplify the design, there is no need to differentiate the case with different starting symbol, therefore,  A-CSI only PUSCH shall always be dropped when colliding with HARQ-ACK regardless if the starting symbols are the same or not.
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[bookmark: _Ref513825138]Figure 9.  A-CSI collides with A/N
Proposal 7: If both timeline N1+X and Ztotal = Z + Y’ are satisfied, multiplexing A-CSI with UL-SCH and HARQ-ACK, 
· For FR1, X=1 OFDM Symbol, Y’=4  OFDM Symbols
· For FR2, X=3 OFDM Symbols, Y’=6 OFDM Symbols
· Dropping A-CSI if it is conveyed by PUSCH without UL-SCH.

Conclusion
Based on above discussions, the following observations and proposals are given: 
Observation 1: Only N1+X timeline could be followed when semi-statistic PUCCH and dynamic PUCCH partially overlap. 
Observation 2: When SR and P-CSI resources overlap in time, no timeline needs to follow when multiplexing them on the resource of one PUCCH.
Observation 3: X and Y should be large enough to cover the process time of rate matching or puncturing during multiplexing.
Proposal 1: When HARQ-ACK and K SR transmission all using PUCCH format 1 overlap with each other, if all SRs are negative, HARQ-ACK is transmitted on the HARQ-ACK resource; if the selected SR is positive, HARQ-ACK is transmitted on that SR resource
Proposal 2: When the HARQ-ACK resource is configured with PUCCH format 0 and overlaps with SR transmission, SR is multiplexed on the overlapping symbols of the HARQ-ACK resource.
Proposal 3: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
Proposal 4: For PUCCH resources for HARQ-ACK, SR and periodic CSI in a slot, two of resources overlap with the third one simultaneously:
· If both N1+X and N2+Y are satisfied, one PUCCH resource can be used to transmit all of them. The PUCCH resource is indicated by ARI from a resource set and the resource set is determined by the total number of HARQ-ACK, SR and CSI.
· Otherwise, UE behaviours are not specified.
 Proposal 5: For multiplexing PUCCH and PUCCH/PUSCH, X, Y values are taken as following:
· For FR1, X=Y=1 OFDM Symbol;
· For FR2, X=Y=3 OFDM Symbols. 
Proposal 6: The work assumption are also applicable for overlapping between grant-free PUSCH and PUCCH.
 
Proposal 7: If both timeline N1+X and Ztotal = Z + Y’ are satisfied, multiplexing A-CSI with UL-SCH and HARQ-ACK, 
· For FR1, X=1 OFDM Symbol, Y’=4  OFDM Symbols
· For FR2, X=3 OFDM Symbols, Y’=6 OFDM Symbols
· Dropping A-CSI if it is conveyed by PUSCH without UL-SCH.
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Appendix
Agreements in RAN1 Meeting #92bis:
· When a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources in a slot,
· The UE multiplexes all UCIs on the CSI PUCCH resource using the corresponding UCI multiplexing rules for the overlapping PUCCH resources with the same starting symbol.
· FFS: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources
Agreements in RAN1 Meeting #92bis:
· Adopt the following (Z,Z’) values for Low Latency CSI class for normal UE capability for the Type A and Type B UE CSI processing capabilities:
For normal UE capability (assuming single CSI report, single CMR/IMR)
	
	For Type A CSI processing capability
	For Type B CSI processing capability

	
	CSI only
	CSI+UL-SCH
	CSI only
	CSI+UL-SCH

	Low latency CSI
	15 kHZ
	Z
	5
	6
	22
	32

	
	
	Z'
	3
	4
	15
	25

	
	30 kHZ
	Z
	9
	10
	25
	37

	
	
	Z'
	6
	7
	16
	28

	
	60 kHZ
	Z
	17
	18
	34
	57

	
	
	Z'
	12
	13
	25
	48

	
	120 kHZ
	Z
	27
	30
	49
	85

	
	
	Z'
	22
	25
	37
	73

	High latency CSI
	15 kHZ
	Z
	
	
	
	

	
	
	Z'
	
	
	
	

	
	30 kHZ
	Z
	
	
	
	

	
	
	Z'
	
	
	
	

	
	60 kHZ
	Z
	
	
	
	

	
	
	Z'
	
	
	
	

	
	120 kHZ
	Z
	
	
	
	

	
	
	Z'
	
	
	
	



Agreements in RAN1 Meeting #92bis:
· For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with SR/HARQ-ACK with the same starting symbol within the same CC, adopt the proposals in the table below 
	SP-CSI on PUSCH without UL-SCH
	A-CSI-only on PUSCH without UL-SCH
	HARQ-ACK
	SR
	Proposal

	
	*
	
	· 
	Drop A-CSI-only on PUSCH, transmit SR on PUCCH. (follow LTE approach)

	
	*
	*
	*
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK on PUCCH. (follow LTE approach) 

	*
	
	
	*
	Drop SP-CSI on PUSCH, transmit SR on PUCCH (follow LTE approach)

	*
	
	*
	*
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR on PUCCH (follow LTE approach)



· The symbol “*” in SR means when SR is positive
· FFS when the starting symbols among UL transmissions are different in the above scenarios.
Proposal in RAN1 Meeting #92bis:
· When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, select from one of the following alternatives:
· Alt 1: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
· Supportive companies:  E//, Intel, OPPO, QC, HW, Samsung, Panasonic
· Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Supportive companies:  Nokia, MTK, Lenovo, Motorola, ZTE, CATT, DCM
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.
· Supportive companies: LG, Vivo
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