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1 Introduction 
In the RAN1#92b meetings, support of UCI multiplexing in cases of different start symbols between colliding PUCCH and PUxCH (PUCCH or PUSCH) in a slot was agreed as a working assumption along with the conditions to apply the multiplexing as captured below. 
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.
The values of X and Y for the timing conditions N1+X and N2+Y are discussed and proposed. Also, whether the working assumption can apply universally to all the collision cases, whether all PUxCHs are semi-statically configured or not, is addressed. In subsequent sections, we consider various collision combinations of PUCCH and PUxCH (PUCCH or PUSCH) for the timing relations and the dynamic/semi-persistent/periodic transmissions. 
2 PUCCH and PUCCH collision
CSI PUCCH resources are semi-statically configured and the transmission is either semi-persistent or periodic without a corresponding PDCCH to schedule the CSI PUCCH transmission. On the other hand, HARQ-ACK PUCCH resources can be either signaled by DCI for dynamically scheduled PDSCHs or configured semi-statically for semi-persistent PDSCHs. In the following subsections, both dynamic and semi-persistent types of HARQ-ACK PUCCHs are taken into account.
2.1 Dynamic HARQ-ACK and SP/Periodic CSI or/and SR
Figure 1 below illustrates that a HARQ-ACK PUCCH for a dynamic PDSCH and semi-statically configured CSI/SR PUCCHs collide in a slot. Two cases are shown depending on whether HARQ-ACK PUCCH is the earliest or not.
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(a) HARQ-ACK PUCCH is the earliest.
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(b) SR PUCCH is the earliest.

Figure 1: Collision of HARQ-ACK PUCCH for a dynamic PDSCH and CSI/SR PUCCHs.
The N1+X and N2+Y timing conditions can be applied for cases that any number of PUCCHs collide in a slot. If the colliding PUCCHs satisfy the timing conditions, the existing multiplexing mechanisms defined for the cases of the same start symbol should be applied to the partial collisions cases, as in the working assumption, and no additional or different handling should be introduced.

In Figure 1(a) and 1(b), the PUCCH scheduled for HARQ-ACK and the PUCCH configured for SR are the earliest PUCCHs among the three colliding PUCCHs, respectively. In order to test for the timing conditions and perform the multiplexing of the UCIs with the same understanding between the UE and the gNB, the spec should clearly define the set of colliding PUCCH/PUSCH which should be considered together for the UCI multiplexing. For example, in Figure 1, although the CSI PUCCH does not collide with the HARQ-ACK PUCCH, the two PUCCHs should belong to the same set of the colliding channels, because each of the CSI and HARQ-ACK PUCCHs collides with the positive SR PUCCH and thus all of the three UCIs should be multiplexed together and conveyed in the same PUCCH. On the other hand, if a pair of PUCCHs in a slot does not directly collide each other and they do not have any colliding PUCCH in common directly or indirectly, the two PUCCHs cannot belong to the same set. Proposal 1 below defines the set of colliding PUCCHs accordingly.
Proposal 1
Specify a clear definition on the set of colliding PUCCH/PUSCH which should be considered together for the UCI multiplexing, which should satisfy the following properties:

· Any PUCCH or PUSCH in the set collides with at least one of other PUCCH or PUSCH in the set.
· Any pair of colliding PUxCHs belong to the same set.
In Figure 1(b), the timing constraint N2+Y ensures that the UE can get aware prior to the transmission of the positive SR that the HARQ-ACK PUCCH has been scheduled in the slot and should drop the SR PUCCH so as to multiplex the positive SR in the PUCCH to convey the combined UCI. 

Another issue which seems to be not crystal clear in the agreed working assumption is whether only the originally scheduled PUCCH resources for transmitting only each one of the UCI types should be tested for the timing conditions or a PUCCH resource to convey the combined UCIs, which is determined based on the total payload size as per the procedure specified in the subclause 9.2.5.2 of TS 38.213 [2], should be considered as well. In Figure 2 below, “CSI PUCCH” and “HARQ-ACK PUCCH (original)” are the PUCCHs to convey only CSI and HARQ-ACK but not the combined UCI, respectively. 
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Figure 2: Consideration of the PUCCH resource to convey the combined UCI.

If only these PUCCH resources are considered, then the CSI PUCCH is earlier than the HARQ-ACK PUCCH in Figure 2 and the timing conditions should be tested for the start symbol of the CSI PUCCH. However, when combining and multiplexing the CSI and HARQ-ACK in a PUCCH, a PUCCH resource other than the HARQ-ACK PUCCH (original), which is denoted as “PUCCH (for UCI multiplexing)” in Figure 2, is assumed to be selected. Then, a problem is that the start symbol of the PUCCH for the multiplexed UCI is much earlier than the start symbol of the CSI PUCCH and may not satisfy the timing conditions on N1 and N2. If the PUCCH to convey the combined UCI is also considered when testing for the timing conditions or is tested afterward before doing the multiplexing, the problem can be avoided. It is noted that this issue can actually occur in case of the same starting symbol between the colliding PUCCHs. Thus, a unified solution applicable to the both cases should be adopted. 
In this regard, we slightly prefer to consider the PUCCH for the multiplexed UCI when testing for the timing conditions. Otherwise, the PUCCH for the multiplexed UCI has to be later tested for the timing conditions or can be restricted to start not earlier than the earliest PUCCH tested for the timing conditions.
Proposal 2
For the testing of the N1+X and N2+Y timing conditions, whether to consider additionally the PUCCH resource to convey the combined UCIs, which is determined based on the total payload size, should be decided (Alt. 2 is preferred):
· Alt. 1: Only PUCCH resources originally scheduled for transmitting only each one of the UCI types are considered.
· Alt. 2: The PUCCH resource to convey the combined UCIs is considered in addition to the originally scheduled PUCCH resources.
As to the CSI in Figure 2, the embedded CSI value will be the one whose processing timeline meets the start symbol timing of the HARQ-ACK PUCCH, not the start symbol of the CSI PUCCH. If the CSI report periodicity happens to be very short, say 1ms, it can result that in some cases, the CSI value conveyed in the previous report can be included in the PUCCH to carry the combined UCI.
Regarding the values for X and Y, there are some aspects which can incur more processing time than the case of the same starting symbol. The UE should perform a procedure to identify which UL physical channels collide each other and construct a set comprising of the colliding channels, some of which may not directly collide each other, as explained above with respect to Proposal 1 on the definition of the set of colliding PUCCHs. Then, the UE has to identify the earliest PUCCH within the set. As a next step, the UE should identify PDCCHs and PDSCHs corresponding to the PUCCHs belonging in the set. Then, the UE can pick one latest PDCCH and one latest PDSCH, respectively. These identified PDCCH/PDSCH/PUCCH should be tested for the N1+X and N2+Y timing conditions. As a result, a certain UCI transmission gets to be dropped, e.g., positive SR and CSI in Figure 1(b), for the multiplexing the UCIs in a PUCCH which starts later, and this process can incur additional processing time. In addition, as discussed above with respect to Proposal 2, the timing conditions should be tested for the PUCCH to convey the combined UCIs as well. Taking into account all these additional processing to handle the partial collisions, the values for X and Y may need to be at least [1~3] symbols.
Observation 1
In case of PUCCH-PUCCH collision between dynamic HARQ-ACK and semi-statically configured CSI/SR,
· The values for X and Y should be at least [1~3] symbols due to the additional processing time, e.g., to identify the set of partially colliding PUCCHs and the earliest/latest UL/DL channels, and to test the timing conditions for the involved PUCCH/PUSCH and for the PUCCH to convey the combined UCI.  
2.2 SP HARQ-ACK and SP/Periodic CSI or/and SR

Figure 3 illustrates that a HARQ-ACK PUCCH for a semi-persistent (SP) PDSCH and semi-statically configured CSI/SR PUCCHs collide in a slot. Two cases are shown depending on whether HARQ-ACK PUCCH is the earliest or not. 
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(a) HARQ-ACK PUCCH is the earliest.
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(b) CSI PUCCH is the earliest.
Figure 3: Collision of HARQ-ACK PUCCH for dynamic PDSCH and CSI/SR PUCCHs.
As the HARQ-ACK is for the semi-persistent PDSCH in Figure 3, the HARQ-ACK PUCCH resource and its transmission is semi-statically configured and there is no PDCCH (possibly except for the very initial transmission) which dynamically indicates the PUCCH resource. This results that only the N1 timing condition is defined in cases without any PUCCH scheduled by a DCI. As seen in Figure 3, the timing condition for N1 can be applied in the same manner as in the cases with HARQ-ACK for dynamic PDSCH. The timing condition for N2 is automatically satisfied because the UE is aware of the presence of the HARQ-ACK PUCCH for semi-persistent PDSCH from the semi-static configuration. In Figure 3(b), the N1+X condition ensures the UE to complete in time the encoding and modulation of the HRAQ-ACK bits and the multiplexing in the CSI PUCCH which starts earlier than the HARQ-ACK PUCCH. Though the N1+X condition in Figure 3(a) can be more relaxed considering that the HARQ-ACK will be conveyed in the CSI PUCCH coming later, this is aligned with the usual application of the N1 condition for HARQ-ACK and can provide a unified set of rules which can be applied to all the cases of PUCCH-PUCCH collisions. 
Observation 2
The working assumption on the N1 and N2 timing conditions well works in cases with HARQ-ACK for semi-persistent PDSCH colliding with a semi-statically configured PUCCH. 

3 PUSCH and PUCCH
For cases of PUSCH and PUCCH collision, the following combinations of collisions can occur and are considered in the subsequent sections:
· Dynamic PUSCH and dynamic PUCCH

· Dynamic PUSCH and semi-persistent PUCCH, or semi-persistent PUSCH and dynamic PUCCH
· Semi-persistent PUSCH and semi-persistent PUCCH. 

3.1 Dynamic PUSCH and dynamic PUCCH
Figure 4 illustrates collision of a HARQ-ACK PUCCH for a dynamic PDSCH and a PUSCH scheduled by a UL grant PDCCH. Three cases are shown depending on which one between the PUCCH and the PUSCH is earlier and which PDCCH between the DL and UL grants is the latest.
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(a) HARQ-ACK PUCCH is earlier and PDCCH to schedule PUSCH is the latest.
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(b) HARQ-ACK PUCCH is earlier and PDCCH to schedule PDSCH is the latest.
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(c) PUSCH is earlier and PDCCH to schedule PUSCH is the latest.
Figure 4: Collision of dynamic PUSCH and dynamic PUCCH.

The testing of the timing conditions for cases of Figure 4(c) is aligned with the case of the same start symbol. The N2+Y condition is checked between the PUSCH and the PDCCH scheduling the PUSCH. The N1+X condition, which is checked between the PDSCH corresponding to the HARQ-ACK and the PUSCH (not the HARQ-ACK PUCCH), ensures the UE to perform the encoding and modulation of the HRAQ-ACK bits and multiplex the HARQ-ACK modulation symbols in the PUSCH which starts earlier than the HARQ-ACK PUCCH. In case of Figure 4(a), the N2+Y condition, which is checked between the PDCCH scheduling the PUSCH and the HARQ-ACK PUCCH (not the PUSCH), enables the UE to drop the transmission of the HARQ-ACK PUCCH and convey the HARQ-ACK in the PUSCH instead. In case of Figure 4(b), the N2+Y condition, which is checked between the PDCCH scheduling the PUCCH (not the PDCCH scheduling the PUSCH) and the HARQ-ACK PUCCH (not the PUSCH), is rather tight compared to the conditions applied in Figures (a) and (c) considering that the actual UL grant and the PUSCH has longer timing gap.
Due to the testing for the N1 and N2 timing conditions for the involved DL/UL physical channels, it seems necessary to set the values of X and Y to non-zero as in the cases of PUCCH-PUCCH collisions. Especially, if multiple PUCCHs are involved in the collision with the PUSCH, the requirement on the processing time will be not smaller than in cases of PUCCH-PUCCH collisions. 
Observation 3
In case of PUSCH-PUCCH collision between dynamic HARQ-ACK and dynamic PUSCH,
· Non-zero values for X and Y should be defined to ensure the UE to perform the testing for the N1 and N2 timing conditions for the involved DL/UL physical channels in time, especially, when multiple PUCCHs are included in the collision with PUSCH in a slot.
3.2 Dynamic PUSCH and SP PUCCH
Figure 5 corresponds to cases that a HARQ-ACK PUCCH for a semi-persistent PDSCH collides with a PUSCH scheduled by a DCI. 
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(a) HARQ-ACK PUCCH is earlier.
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(b) PUSCH is earlier.
Figure 5: Collision of dynamic PUSCH and semi-persistent PUCCH.

Without a PDCCH scheduling the HARQ-ACK PUCCH, the N1 and N2 conditions are checked with respect to the PDSCH and the PDCCH scheduling PUSCH. This is actually aligned with the definitions of the N1 and N2 timing requirements. It is noted that in cases of dynamic HARQ-ACK shown in Figure 4, the N2 condition is tested for the PDCCH scheduling the HARQ-ACK when the PDCCH is more latest than the PDCCH scheduling PUSCH as in Figure 4(b).
In case of Figure 5(a), the N2+Y condition ensures the UE to drop the transmission of the HARQ-ACK PUCCH in time and multiplex and convey the HARQ-ACK in the PUSCH instead. The N1+X condition in Figure 5(b) ensures that the UE completes the encoding and modulation of the HRAQ-ACK bits and multiplexing in the PUSCH in time, which starts earlier than the HARQ-ACK PUCCH. Considering all these aspects, it is observed that the cases of collision between the semi-persistent PUSCH and dynamic PUCCH can be handled by testing for the N1 and N2 timing rules defined in the working assumption.

Observation 4
The working assumption on the N1 and N2 timing conditions well works in cases that HARQ-ACK for semi-persistent PDSCH and dynamic PUSCH collide in a slot. 
3.3 SP PUSCH and SP HARQ-ACK

In Figure 6, the HARQ-ACK PUCCH and the PUSCH are for both semi-persistently scheduled DL-SCH and UL-SCH, respectively. 
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(a) HARQ-ACK PUCCH is earlier.
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(b) PUSCH is earlier.
Figure 6: Collision of semi-persistent PUSCH and semi-persistent PUCCH.

As there is no PDCCH, the N2 condition is not tested and automatically satisfied because the UE is aware of the presence of both the HARQ-ACK PUCCH for semi-persistent PDSCH and the semi-persistent PUSCH. In Figure 6(b), the N1+X condition ensures that the UE completes the encoding and modulation of the HRAQ-ACK bits and multiplex the HARQ-ACK modulation symbols in the PUSCH in time. The timing conditions and the procedure are equivalent to the case of the same start symbol between the PUSCH and the HARQ-ACK PUCCH. In Figure 5(a), as the HARQ-ACK PUCCH transmission is dropped and the HARQ-ACK has to be multiplexed in the PUSCH which starts later, the N1 timing condition can get more relaxed than the one illustrated in the figure, by checking with respect to the start symbol of the PUSCH. However, rather than seeking optimizations for each of the specific cases which may not be significant in many cases, it should be strived to apply a single unified set of rules to all the cases.
Regarding the values on X and Y, the following proposal can be drawn from the observations made for all the cases of PUCCH-PUCCH collisions and PUSCH-PUCCH collisions in Sections 2 and 3.
Proposal 3
Based on Observations 1 and 3 and the discussions on the additionally required processing time in the partial collision cases, the values for X and Y should be at least [1~3] symbols.

Also, we confirm and propose to take as an agreement the working assumption on the timing rules based on the N1+X and N2+Y timing conditions.
Proposal 4
From Observations 2 and 4 and the assessment for various collision cases between PUCCH-PUCCH and PUSCH-PUCCH and for various combinations of dynamic/semi-persistent/periodic transmissions, we confirm that the working assumption on the N1+X and N2+Y timing conditions can be applied to all the collision cases in a unified manner.

4 Conclusion 

This contribution has discussed collision handling between PUSCH-PUCCH and between PUCCH-PUCCH for cases that the transmissions partially overlap in time. Based on the discussions, the followings are proposed:
Proposal 1
Specify a clear definition on the set of colliding PUCCH/PUSCH which should be considered together for the UCI multiplexing, which should satisfy the following properties:

· Any PUCCH or PUSCH in the set collides with at least one of other PUCCH or PUSCH in the set.
· Any pair of colliding PUxCHs belong to the same set.
Proposal 2
For the testing of the N1+X and N2+Y timing conditions, whether to consider additionally the PUCCH resource to convey the combined UCIs, which is determined based on the total payload size, should be decided (Alt. 2 is preferred):
· Alt. 1: Only PUCCH resources originally scheduled for transmitting only each one of the UCI types are considered.
· Alt. 2: The PUCCH resource to convey the combined UCIs is considered in addition to the originally scheduled PUCCH resources.
Observation 1
In case of PUCCH-PUCCH collision between dynamic HARQ-ACK and semi-statically configured CSI/SR,
· The values for X and Y should be at least [1~3] symbols due to the additional processing time, e.g., to identify the set of partially colliding PUCCHs and the earliest/latest UL/DL channels, and to test the timing conditions for the involved PUCCH/PUSCH and for the PUCCH to convey the combined UCI.  
Observation 2
The working assumption on the N1 and N2 timing conditions well works in cases with HARQ-ACK for semi-persistent PDSCH colliding with a semi-statically configured PUCCH. 
Observation 3
In case of PUSCH-PUCCH collision between dynamic HARQ-ACK and dynamic PUSCH,
· Non-zero values for X and Y should be defined to ensure the UE to perform the testing for the N1 and N2 timing conditions for the involved DL/UL physical channels in time, especially, when multiple PUCCHs are included in the collision with PUSCH in a slot.
Observation 4
The working assumption on the N1 and N2 timing conditions well works in cases that HARQ-ACK for semi-persistent PDSCH and dynamic PUSCH collide in a slot. 

Proposal 3
Based on Observations 1 and 3 and the discussions on the additionally required processing time in the partial collision cases, the values for X and Y should be at least [1~3] symbols.
Proposal 4
From Observations 2 and 4 and the assessment for various collision cases between PUCCH-PUCCH and PUSCH-PUCCH and for various combinations of dynamic/semi-persistent/periodic transmissions, we confirm that the working assumption on the N1+X and N2+Y timing conditions can be applied to all the collision cases in a unified manner.
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