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1 Introduction 
In the RAN1 AH1801 and RAN1#92 meetings, handling of partial collisions between PUSCH-PUCCH and between PUCCH-PUCCH was discussed in PUCCH offline sessions and also in a main session, but failed to reach an agreement. During the long hours of discussions, somewhat converged view was to transmit only one out of the two colliding channels and drop the other one. Multiplexing UCI onto PUSCH in partial overlapping cases can incur erroneous operations at the UE transmitter depending on the timings of the two channels and affect HARQ and scheduling timing. In addition, the gNB scheduler can manage to avoid partial collisions in many cases without incurring significant performance impacts. In this contribution, we discuss the possible collision cases and provides our view on handling the collisions. 
2 Partial overlapping of HARQ-ACK and SR

Partial overlapping of two PUCCHs can occur when these PUCCH transmissions (configured with the same or different PUCCH formats) occur within a slot and they have either of the following properties:

· Same start or ending symbol but different durations for transmission,
· Different start symbols and same or different duration(s) for transmission,
· Different ending symbols and same or different duration(s) for transmission,
· Different start and ending symbols (which implies different durations as well).
In deciding whether to support UCI multiplexing or not for various PUCCH-PUCCH collision scenarios for partial overlapping, different aspects should be taken into consideration, e.g.

· The earliest PUCCH transmission,
· Start symbol and duration (in time) of colliding PUCCH resources, 
· PUCCH formats with which the UCI transmissions are configured,

· UCI types (HARQ-ACK (and/or CSI) or SR),

· Mechanisms for UCI multiplexing for the corresponding full overlapping cases (applicable for the cases when the colliding PUCCH resources are configured with the same PUCCH format).
Moreover, there are some other design constraints that should be taken into account as well; for example HARQ-ACK transmission timing should not be altered, i.e. it should be neither advanced nor delayed. While an earlier transmission of HARQ-ACK may lead to reduced time budget for UE processing, a delayed HARQ-ACK may incur HARQ processing delay, insufficient processing time for the gNB to make a scheduling decision and possibly blind detection at gNB. 

In case when PUCCH format 0/1/2/3/4 carrying HARQ-ACK (and/or CSI feedback) and PUCCH format 0/1 carrying SR overlap partially in time, various collision scenarios may occur. Handling of the collisions in each of those scenarios are discussed in the following subsections.
2.1 HARQ-ACK configured with PUCCH format 0

When a PUCCH transmission configured with PUCCH format 0 carrying HARQ-ACK partially overlaps within a slot with an SR configured with PUCCH format 0/1, where the SR transmission may be configured to start either earlier than, or later than, or at the same time as the HARQ-ACK, different collision scenarios may occur, as depicted in Fig. 1-1 and Fig. 1-2. 

When both of the colliding PUCCHs are configured with PUCCH format 0 (i.e. each can be of length 1~2 symbol(s)), various configurations of partial overlap may occur depending on the number of symbols (1 or 2) for HARQ-ACK and SR resources and whether SR occurs at the same time, or earlier than, or later than the HARQ-ACK PUCCH, as illustrated in Fig. 1-1. For partial collision to occur, at least one of the two PUCCH resources (both configured with PUCCH format 0) must be of length 2 symbol(s), while the other may be of length 1 or 2 symbol(s).

In case when the partially overlapping SR resource is configured with PUCCH format 1 (i.e. can be of length 4~14 symbols), while the PUCCH resource carrying HARQ-ACK is configured with PUCCH format 0 (i.e. can be of length 1~2 symbols), various scenarios of partial overlap may be possible depending on whether the HARQ-ACK occurs earlier than, later than or at the same time as SR transmission and whether the start or ending symbols of these two PUCCH resources overlap in time, as illustrated in Fig. 1-2. Since the two configured PUCCHs have different ranges of lengths (1~2 symbol(s) and 4~14 symbols), all combinations of durations of these two PUCCH resources are possible in partial overlapping scenarios (unlike the previous case of two overlapping format 0 PUCCHs, where at least one PUCCH should be of length 2 symbols).
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Fig. 1-1 Partial collision between HARQ-ACK (PUCCH format 0) and SR (PUCCH format 0)
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Fig. 1-2 Partial collision between HARQ-ACK (PUCCH format 0) and SR (PUCCH format 1)
Similar to the case of HARQ-ACK being configured with PUCCH format 2/3/4 and colliding with SR (PUCCH format 0/1), SR can be multiplexed with HARQ-ACK on the HARQ-ACK PUCCH resource, when HARQ-ACK is configured with PUCCH format 0. In particular, the same multiplexing rule as the case of full overlapping between HARQ-ACK and SR (each being configured with PUCCH format 0, with the same start symbols and durations) [1] can be applied to cases that the start symbol of the HARQ-ACK PUCCH resource is earlier than or the same as that of the SR PUCCH resource, when HARQ-ACK is configured with PUCCH format 0, irrespective of SR resource format (PUCCH format 0 or PUCCH format 1), as shown by green rectangles in Figs. 1-1 and 1-2. If the UE does not have a sufficient processing time to multiplex a positive SR onto the HARQ-ACK PUCCH resource, a negative SR can be indicated by employing a cyclic shift corresponding to HARQ-ACK only. On the other hand, in cases that the start symbol of the SR PUCCH resource is earlier than that of the HARQ-ACK PUCCH resource and a positive SR occurs, the UE should transmit the positive SR only on the SR PUCCH resource and drop the HARQ-ACK. This allows to avoid erroneous cases that the HARQ-ACK PUCCH transmission is recognized by the UE transmitter after the SR transmission has already started and thus the HARQ-ACK cannot be conveyed on either the SR PUCCH or HARQ-ACK PUCCH. 
When multiplexing SR with HARQ-ACK, the cyclic shift of either HARQ-ACK or the cyclic shift of HARQ-ACK incremented by 3 (for 1-bit HARQ-ACK) or 1 (for 2-bit HARQ-ACK) can be used for transmission of a length-12, low PAPR, computer generated sequence adopted in NR [3] on the HARQ-ACK PUCCH resource, depending on the state of SR being absent (i.e. negative) or present (i.e. positive). 

Proposal 1
If HARQ-ACK transmission using PUCCH format 0 partially overlaps in a slot with an SR, the following UCI multiplexing rules are applied.

· In case that the start symbol of HARQ-ACK PUCCH is earlier than or the same as that of SR PUCCH: 
multiplex and transmit HARQ-ACK and SR on the HARQ-ACK PUCCH resource. 
· In case that the start symbol of SR PUCCH is earlier than that of HARQ-ACK PUCCH and a positive SR occurs: 
transmit only the positive SR on the SR PUCCH resource and drop the HARQ-ACK. 
2.2 HARQ-ACK configured with PUCCH format 1

When a PUCCH transmission configured with PUCCH format 1 carrying HARQ-ACK partially overlaps within a slot with an SR configured with PUCCH format 0/1, where the SR transmission may be configured to start either earlier than, or later than, or at the same time as the HARQ-ACK, different collision scenarios may occur, as depicted in Fig. 2. 

When the colliding PUCCHs are configured with PUCCH format 0 (which can be of length 1~2 symbol(s)) and PUCCH format 1 (which can be of length 4~14 symbols), various configurations of partial overlap may occur depending on the duration (i.e. number of symbols) of HARQ-ACK and SR resources as well as the start symbol of SR relative to the start symbol of HARQ-ACK, as illustrated in Fig. 2. 

In case when HARQ-ACK and SR resources fully overlap in time [1], the multiplexing rule of HARQ-ACK and SR follows the same approach as in LTE, i.e. HARQ-ACK is transmitted either on the HARQ-ACK resource or on the SR resource, depending on SR being negative or positive. In case of partial overlap, however, the HARQ-ACK and SR resources may have different staring symbols and/or different duration(s). Transmitting HARQ-ACK on SR resource in this case may lead to HARQ-ACK being transmitted in advance (when SR occurs earlier than HARQ-ACK), or with delay (when SR occurs after HARQ-ACK) and/or with different durations (when SR duration is different than that of HARQ-ACK). Any alteration in HARQ-ACK timing is not desirable, since it may lead to reduced time budget for the UE processing or HARQ processing delay at gNB, as explained in Section 2. Hence, multiplexing SR with HARQ-ACK by transmitting HARQ-ACK on SR resource (in case of positive SR) is not a desirable solution. In this case, the SR can be dropped and only HARQ-ACK can be transmitted on the HARQ-ACK PUCCH resource. In cases that the start symbol of the SR PUCCH resource is earlier than that of the HARQ-ACK PUCCH resource and a positive SR occurs, the same issue arises as in the case of HARQ-ACK configured with PUCCH format 0 discussed in Section 2.1, and the UE should transmit the positive SR only on the SR PUCCH resource and drop the HARQ-ACK.
Proposal 2
If HARQ-ACK transmission using PUCCH format 1 partially overlaps in a slot with an SR, the following UCI multiplexing rules are applied.
· In case that the start symbol of HARQ-ACK PUCCH is earlier than that of SR PUCCH or the same as that of SR PUCCH with a different duration: 
transmit only the HARQ-ACK on the HARQ-ACK PUCCH resource and drop the SR.
· In case that the start symbol of SR PUCCH is earlier than that of HARQ-ACK PUCCH and a positive SR occurs: 
transmit only the positive SR on the SR PUCCH resource and drop the HARQ-ACK. 
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Fig. 2 Partial collision between HARQ-ACK (PUCCH format 1) and SR (PUCCH format 0/1)
3 PUSCH and PUCCH collision handling
In case of full overlap between PUSCH and PUCCH, that is, when the start symbol and the duration are the same between PUSCH and PUCCH transmissions which collide in a slot, UCI is multiplexed onto PUSCH, and PUCCH is dropped. However, in case of partial collisions, the processing timing at the UE for PUSCH and PUCCH is not aligned and it becomes challenging to support the UCI multiplexing. The following two approaches are mainly compared:
· Multiplex UCI onto PUSCH and drop PUCCH as in case of the full overlap

· Transmit one of the physical channel only, and drop the other channel along with its content.
The issues discussed in the previous section for the partial collisions between PUCCH and PUCCH apply similarly to PUSCH and PUCCH collision cases, and similar design principles can be considered.

Case: PUSCH transmission starts earlier that PUCCH

To multiplex UCI onto PUSCH for this case becomes difficult to support in cases that the PUCCH transmission has quite a short time budget to process and encode the UCI and multiplex onto a physical channel. An example case is when the gNB schedules the HARQ-ACK to be transmitted one or two slots after the PDSCH reception. Then, multiplexing the HARQ-ACK onto the PUSCH whose transmission timing is earlier than the PUCCH further reduces the time budget for the UE to decode the PDSCH and process/encode/multiplex the HARQ-ACK onto the corresponding PUSCH. A similar issue can occur to CSI as well when the CSI report periodicity is very short. 
 Case: PUCCH transmission starts earlier that PUSCH
In case that the PUCCH transmission is earlier than the PUSCH transmission in a slot, multiplexing UCI onto PUSCH may be supportable. However, in that case, HARQ and subsequent scheduling delay can be incurred due to the delayed transmission of the UCI (HARQ-ACK or/and CSI) which was originally scheduled to be carried on the earlier PUCCH. This issue becomes more conspicuous in cases that the last symbol of the PUSCH transmission is much later than the last symbol of the PUCCH transmission. Further, the PUSCH transmission can be recognized by the UE transmitter after the PUCCH transmission has already started, for example, in cases that the UL grant to schedule the PUSCH transmission is not received sufficiently earlier than the PUCCH transmission.  
As discussed for the cases above, multiplexing UCI onto the PUSCH in partial collision cases can lead to multiple issues and incur erroneous operations on the transmitter side. In many cases the gNB scheduler can manage to avoid undesirable partial collisions. In these regards, as similar to the cases of PUCCH and PUCCH collision, a reasonable and clean approach is to transmit the earlier channel only and to drop the other channel coming later.
Proposal 3
In case that the start symbols of PUSCH and PUCCH in a slot are not aligned, UCI multiplexing onto PUSCH is not applied and only the channel with an earlier start symbol is transmitted.
Case: PUSCH and multi-slot PUCCH collision
The cases that a PUSCH transmission collides with a part of multi-slot PUCCH transmission in a slot can be handled similarly as for the cases presented above. That is, which channel to transmit can be determined by comparing the start symbol of the PUSCH with the very start symbol of the multi-slot PUCCH transmission. For example, if the multi-slot PUCCH transmission has started in a previous slot earlier than the slot with the PUSCH transmission, the PUSCH is dropped. On the other hand, if the start slot of the multi-slot PUCCH transmission is the same as the one with the PUSCH transmission, but the start symbol of the PUSCH is earlier than the start symbol of the PUCCH, the PUCCH transmission in the slot should be dropped. In addition, if the PUSCH transmission is not present in the subsequent slots, the multi-slot PUCCH transmission can start from the next available slot.  
Proposal 4
In case that PUSCH collides with a multi-slot PUCCH in a slot,
· If the start symbol of the PUSCH transmission is earlier than the very first symbol of the multi-slot PUCCH transmission, the PUCCH transmission in the corresponding slot is dropped and starts from the next available slot.
· If the start symbol of the PUSCH transmission is later than the very first symbol of the multi-slot PUCCH transmission, the PUSCH transmission is dropped. 
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
If HARQ-ACK transmission using PUCCH format 0 partially overlaps in a slot with an SR, the following UCI multiplexing rules are applied.

· In case that the start symbol of HARQ-ACK PUCCH is earlier than or the same as that of SR PUCCH: 
multiplex and transmit HARQ-ACK and SR on the HARQ-ACK PUCCH resource. 
· In case that the start symbol of SR PUCCH is earlier than that of HARQ-ACK PUCCH and a positive SR occurs: 
transmit only the positive SR on the SR PUCCH resource and drop the HARQ-ACK. 
Proposal 2
If HARQ-ACK transmission using PUCCH format 1 partially overlaps in a slot with an SR, the following UCI multiplexing rules are applied.

· In case that the start symbol of HARQ-ACK PUCCH is earlier than that of SR PUCCH or the same as that of SR PUCCH with a different duration: 
transmit only the HARQ-ACK on the HARQ-ACK PUCCH resource and drop the SR.
· In case that the start symbol of SR PUCCH is earlier than that of HARQ-ACK PUCCH and a positive SR occurs: 
transmit only the positive SR on the SR PUCCH resource and drop the HARQ-ACK. 

Proposal 3

In case that the start symbols of PUSCH and PUCCH in a slot are not aligned, UCI multiplexing onto PUSCH is not applied and only the channel with an earlier start symbol is transmitted.

Proposal 4
In case that PUSCH collides with a multi-slot PUCCH in a slot,

· If the start symbol of the PUSCH transmission is earlier than the very first symbol of the multi-slot PUCCH transmission, the PUCCH transmission in the corresponding slot is dropped and starts from the next available slot.

· If the start symbol of the PUSCH transmission is later than the very first symbol of the multi-slot PUCCH transmission, the PUSCH transmission is dropped. 
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