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Introduction 
In RAN1 #91 meeting, the following agreements were made regarding the multiplexing of HARQ-ACK and SR bits on the same PUCCH resource [1]:

Agreements:

· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

In this contribution, we discuss our views on handling collisions between different HARQ-ACK (and/or CSI) and SR transmissions configured within the same slot, when the PUCCH resources corresponding to these UCI transmissions partially overlap in time.
Partial overlapping of HARQ-ACK (and/or CSI) 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 starting or ending symbol but different durations for transmission,
· Different starting symbols and same or different duration(s) for transmission,
· Different ending symbols and same or different duration(s) for transmission,
· Different starting 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.
· 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),
· Starting symbol and duration (in time) of colliding PUCCH resources.
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.
HARQ-ACK (and/or CSI) configured with PUCCH Format 2/3/4
In the last RAN1 meeting, the following agreement was made regarding handling of collision between PUCCH transmission (HARQ-ACK with/without CSI) configured with PUCCH format 2/3/4 and K PUCCH resources, each being configured for an SR within the same slot [2]:
Agreements:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· Note: X is used to indicate both the presence and absence of SR and which of the K configured SR is embedded.
· FFS: X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1
For K =1, i.e. for partial overlapping between HARQ-ACK (with/without CSI) configured with PUCCH format 2/3/4 and a single SR, the multiplexing rule can be deduced directly from the above agreement. If a UCI transmission on a PUCCH from a UE using PUCCH format 2/3/4 partially overlaps in time with a single SR configured with PUCCH format 0/1 within the same slot, 1 bit indicating the state of SR (0/1 for negative/positive SR) is appended to the end of the HARQ-ACK bits followed by CSI bits and transmitted on HARQ-ACK PUCCH resource. It is noted that, irrespective of whether the SR arrives earlier than, or later than, or at the same time as the HARQ-ACK (with/without CSI) transmission, the same multiplexing rule of SR on HARQ-ACK PUCCH resource is applied.
The above agreement can be straightforwardly extended for the case when the PUCCH transmission configured with PUCCH format 2/3/4 carries only CSI feedback (without HARQ-ACK) and collides with K resources within a slot, each being configured for a SR. In this case, X bits representing an SR being indicated by the UE can be appended at the beginning of the CSI bits and transmitted on the CSI PUCCH resource, where X = ceil(log2 (K+1)).
Proposal 1

If CSI transmission using PUCCH format 2/3/4 partially overlaps in a slot with K PUCCH resources, each being configured for an SR, the following multiplexing rule is applied.
· X bits are used to represent an SR being indicated by the UE and appended at the beginning of CSI bits, where X = ceil (log2(K+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 starting 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).


Fig. 1-1 Partial collision between HARQ-ACK (PUCCH format 0) and SR (PUCCH format 0)


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 starting symbols and durations) [1] can be applied to the case of partial overlapping as well, when HARQ-ACK is configured with PUCCH format 0, irrespective of SR resource format (PUCCH format 0 or PUCCH format 1) or time-domain configuration (i.e. its starting symbol, duration and relative position in time with respect to the HARQ-ACK), as shown by green rectangles in Figs. 1-1 and 1-2. 
To multiplex 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). 
If instead of a single SR, HARQ-ACK configured with PUCCH format 0 partially overlaps with K configured SRs (K> 1) within a slot, the situation becomes more complicated. Unlike the case of HARQ-ACK being transmitted with PUCCH format 2/3/4 where a string of bits can be appended to the end of the HARQ-ACK bits which can indicate both the state of SR as well as which of the K SRs are multiplexed, there is no such direct way to indicate one SR among K SRs when SR is to be multiplexed with HARQ-ACK configured with PUCCH format 0. In such situation, the SRs can be dropped and only HARQ-ACK can be transmitted on the HARQ-ACK PUCCH resource.
 Proposal 2
If HARQ-ACK transmission using PUCCH format 0 partially overlaps in a slot with K (K> 0) PUCCH resources, each being configured for an SR, the following UCI multiplexing rules are applied.
· For K = 1, 
· Multiplex and transmit HARQ-ACK and SR on the HARQ-ACK PUCCH resource. 
· The cyclic shift of HARQ-ACK is used for negative SR, while the cyclic shift of HARQ-ACK incremented by 3 (for 1-bit HARQ-ACK) or 1 (for 2-bit HARQ-ACK) is used for positive SR.
· For K >1, 
· Drop all SRs and transmit only HARQ-ACK on HARQ-ACK PUCCH resource.

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 starting symbol of SR relative to the starting 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. Similar transmission scheme may apply in case when K PUCCH resources (K >1), each being configured for an SR, partially overlap with a HARQ-ACK transmission configured with PUCCH format 1.
Proposal 3
If HARQ-ACK transmission using PUCCH format 0 partially overlaps in a slot with K (K> 0) PUCCH resources, each being configured for an SR, the following UCI multiplexing rule is applied.
· Drop all SRs and transmit only HARQ-ACK on HARQ-ACK PUCCH resource.



Fig. 2 Partial collision between HARQ-ACK (PUCCH format 1) and SR (PUCCH format 0/1)
Conclusions
In this contribution, we discuss handling of PUCCH-PUCCH collision from various aspects. Based on the discussion, we summarize our proposals as follows.
Proposal 1

If CSI transmission using PUCCH format 2/3/4 partially overlaps in a slot with K PUCCH resources, each being configured for an SR, the following multiplexing rule is applied.
· X bits are used to represent an SR being indicated by the UE and appended at the beginning of CSI bits, where X = ceil (log2(K+1))
Proposal 2
If HARQ-ACK transmission using PUCCH format 0 partially overlaps in a slot with K (K> 0) PUCCH resources, each being configured for an SR, the following UCI multiplexing rules are applied.
· For K = 1, 
· Multiplex and transmit HARQ-ACK and SR on the HARQ-ACK PUCCH resource. 
· The cyclic shift of HARQ-ACK is used for negative SR, while the cyclic shift of HARQ-ACK incremented by 3 (for 1-bit HARQ-ACK) or 1 (for 2-bit HARQ-ACK) is used for positive SR.
· For K >1, 
· Drop all SRs and transmit only HARQ-ACK on HARQ-ACK PUCCH resource.

Proposal 3
If HARQ-ACK transmission using PUCCH format 0 partially overlaps in a slot with K (K> 0) PUCCH resources, each being configured for an SR, the following UCI multiplexing rule is applied.
· Drop all SRs and transmit only HARQ-ACK on HARQ-ACK PUCCH resource.
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Appendix 
[bookmark: _GoBack]Agreements made in RAN1 #91 regarding simultaneous transmission of HARQ-ACK and/or SR and/or CSI using various PUCCH formats are listed below: [1]

 Agreements:
· For simultaneous transmission of 1 or 2 bits HARQ-ACK and SR using PUCCH format 0: 
· In case of negative SR, the same PUCCH resources as for HARQ-ACK only transmission are used.
· In case of positive SR, HARQ-ACK are transmitted on the PRB for HARQ-ACK only transmission.
· The mapping of ACK and NACK to cyclic shifts is based on the index of initial cyclic shift of the HARQ-ACK only (CSinitial) and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.
Table 1: Mapping pattern for 1-bit HARQ-ACK and positive SR
	HARQ-ACK
	NACK
	ACK

	Cyclic shift
	(CSintitial+3)mod12
	(CSintitial+9)mod12



Table 2: Mapping pattern for 2-bit HARQ-ACK and positive SR
	HARQ-ACK
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Cyclic shift
	(CSintitial+1)mod12
	(CSintitial+4)mod12
	(CSintitial+7)mod12
	(CSintitial+10)mod12



· Note: Maximum 12 SR per PRB can be configured with semi-static SR simultaneously.
· One PRB can support simultaneous transmission of 2-bit HARQ-ACK with SR only for one UE.
· The four remaining resources can be used for other purposes (e.g. 1-bit A/N with SR or 2-bit A/N only)
 

Agreements:
· For simultaneous transmission of SR and HARQ-ACK using Format 1, it is done similarly to LTE PUCCH Format 1a/1b.
· In case of negative SR, PUCCH Format 1 is transmitted using the resource for HARQ-ACK.
· In case of positive SR, PUCCH Format 1 is transmitted using the resource for SR.


Agreements:
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2
· The HARQ-ACK/SR and CSI bits are jointly encoded.
· The number of CSI bits from the CSI report that can be appended to the HARQ-ACK/SR bits is determined such that the UCI bits appended by CRC are encoded with a code rate that does not exceed the maximum configured code rate for PUCCH Format 2. 
· If the coding rate exceeds the maximum configured code rate for PUCCH Format 2, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.
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