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Introduction
In this contribution we address the issues that are needed to be resolved in order to properly clarify a UE behavior for transmission on a PUCCH resource conveying different UCI types.
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Few agreements have been made for simultaneous transmissions of different UCI types where a PUCCH format is assumed for simultaneous transmission of at least two UCI types on a PUCCH resource.
	Agreements (RAN1#91):
· 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 (RAN1#91):
· 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 (RAN1#91):
· 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
Agreements (RAN1#91):
· 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.
Agreements (RAN1#91):
· Simultaneous transmission of HARQ-ACK bits (with/without SR) and CSI feedback with PUCCH Format 3 or 4 is supported by RRC configuration.


However, based on the agreements, it is not clear what conditions should be met in order a UE to transmit simultaneously multiple UCI types on a PUCCH resource. Considering that the NR PUCCH design, as opposed to LTE, allows variation in PUCCH occurrence in time, , multiple PUCCH transmissions configured or scheduled in a slot can partially overlap in time. If that occurs, a UE should be able to transmit the UCI bits simultaneously on a single PUCCH resource. Hence it is important to clarify the conditions for enabling a simultaneous transmission of multiple UCI types on a PUCCH resource. When the conditions are met, the procedures that the UE follows for determining the PUCCH resource for transmission of simultaneous multiple UCI types should be clearly defined. The following steps needs to be clarified for a UE to perform a simultaneous transmission of multiple UCI types on a PUCCH transmission:
Step 1: The UE identifies that the configured or scheduled PUCCH resources can overlap in time.
Step 2: The UE identifies the PUCCH resource that is used for multiplexing the corresponding UCIs.
Currently, the clarifications of step 1 is ambiguous due to the lack of agreements. Hence, we suggest adopting the following definition for consistency and relevance.
Proposal 1:
· A collision between two PUCCH transmission occasions for a UE occurs when any part of the first PUCCH transmission occasion overlaps in time with any part of the second PUCCH transmission occasion.  
In the following, we discuss the clarification of the UE behavior that is needed for executing the second step. In general, UCI can include HARQ-ACK (AN) information, SR or CSI.  A PUCCH resource for transmission of each UCI type is determined at the UE as described briefly in the following:
· HARQ-ACK information only: The corresponding PUCCH resource is determined at a UE via a two-step approach: 1) A PUCCH resource set among the configured sets is determined based on the UCI payload size i.e. number of HARQ-ACK bits. 2) A PUCCH resource in the set is determined by a PUCCH resource indicator field in the DCI for DL assignment (or implicit indication). The slot index is provided by the DCI. The PUCCH occurrence timing within a slot is obtained from the PUCCH resource.
· SR reporting only: The corresponding PUCCH resource is determined from the semi-statically configured SR resource configuration which includes other parameters such as periodicity and offset of the SR reporting. The SR PUCCH format can only be Format 0 or Format 1. The slot index is obtained from the SR periodicity and offset in the PUCCH configuration. The PUCCH occurrence timing within a slot is obtained from the PUCCH resource.
· CSI reporting only:  The corresponding PUCCH resource is determined from the semi-statically configured periodic or semi-persistent CSI reporting configuration which includes other parameters such as periodicity and offset of the CSI reporting. The CSI PUCCH format can only be Format 2, 3 or 4. For simultaneous transmission of HARQ-ACK and CSI on a PUCCH Format 2, 3 or 4, the corresponding RRC parameter should be enabled. The slot index is obtained from the CSI periodicity and offset in the CSI reporting configuration. The PUCCH occurrence timing within a slot is obtained from the PUCCH resource.
· 
Prioritization between different UCI types:
During the last meeting, the prioritization of SR over HARQ-ACK transmission was intensively discussed. Various solutions for multiplexing of HARQ-ACK and SR in case of overlapping PUCCH resources were proposed based on different assumptions of the SR and HARQ-ACK priority. The discussion is summarized in [1]. The proposed solutions in the previous meeting were categorized into two main group:
· HARQ-ACK and SR are carried on one PUCCH resource
· HARQ-ACK and SR are carried on one or PUCCH resource

The motivation for the second category of solutions is based on the assumption that the UE is configured with SR IDs associated with high priority logical channels. The solutions include cases where an ongoing HARQ-ACK transmission on a PUCCH is punctured or interrupted due to the arrival of new data in high priority buffer, as well dropping HARQ-ACK transmission.
From our perspective, it could be beneficial if the UE is able to transmit high priority SR even if it is already transmitting HARQ-ACK on PUCCH. However, if that happens, the UE has to ensure that the HARQ-ACK bits do not correspond to a high priority DL transmission. In other words, applying such solutions requires the UE to determine whether the HARQ-ACK corresponds to a high priority DL transmission. As long as such a mechanism is not in place, such solutions cannot be supported, and the baseline assumptions should be that HARQ-ACK has priority over SR and CSI, such that SR or CSI can be dropped if necessary. 
Moreover, advancing or delaying the transmission of HARQ-ACK in time due to the other UCI types is not recommended since the former can cause the HARQ-ACK bits not to be available at the UE for the transmission on PUCCH due to the shortened time budget while the latter introduces unnecessarily additional delay resulting in reducing the system performance. 
Based on this discussion we make the following observation and proposal:
Observation:
· For prioritization of an SR transmission over HARQ-ACK transmission, the UE should be able to determine whether the HARQ-ACK bits correspond to a high priority scheduled DL transmission. If this is not feasible, the baseline assumption for multiplexing different UCI on PUCCH should be based prioritizing HARQ-ACK over other UCI types.

Proposal 2:
· In Rel-15, for the purpose of UCI multiplexing on a PUCCH resource, the UE assumes that HARQ-ACK has higher priority than SR and CSI.

Considering the above guidelines, the following scenarios are needed to be addressed for clarifying the UE procedures for executing step 2:

Simultaneous transmission of AN and SR due to overlapping PUCCH resources
Based on the agreements for simultaneous HARQ-ACK and SR transmission on PUCCH, it is important to note that the PUCCH resources for HARQ-ACK with some modification are used for simultaneous HARQ-ACK/SR transmission, except for the case when simultaneous transmission of HARQ-ACK/SR is obtained by using PUCCH format 1.
In case of PUCCH format 1, as the corresponding agreement states, HARQ-AN is transmitted using SR PUCCH resource or HARQ-ACK PUCCH resource, depending on the presence or absence of SR, respectively, similar to LTE. This, firstly implies that for the case that HARQ-ACK only transmission is based on PUCCH format 1 and SR configuration is based on PUCCH format 0, simultaneous transmission of AN and SR cannot be supported since the SR resource cannot be used for transmission of HARQ-ACK using a format 1 PUCCH. Secondly, if both are based on PUCCH format 1, some consideration towards the timing and duration of these two PUCCH transmissions is needed based on the guidelines discussed earlier. 
In our view, the corresponding UE behavior to execute Step 2 for this case can be clarified as summarized in Table 1 based on the previous agreements and the following proposals:
Proposal 3:
· If a UE is indicated a PUCCH Format 1 resource for transmission of HARQ-ACK only which overlaps with an SR reporting occasion which is configured with PUCCH Format 0, the UE drops the SR and transmits only HARQ-ACK information on the PUCCH Format 1 resource indicated for only HARQ-ACK information transmission.
Proposal 4:
· For the case where a UE is indicated a PUCCH Format 1 resource for transmission of HARQ-ACK information only which overlaps with an SR reporting occasion that is configured with PUCCH Format 1, if the SR PUCCH resource is confined in time within the PUCCH resource for only HARQ-ACK information, the UE transmits the HARQ-ACK information and SR simultaneously. Otherwise, the UE drops the SR and transmit only the HARQ-ACK information on the PUCCH Format 1 PUCCH resource indicated for only HARQ-ACK information transmission.

[bookmark: _Ref503346822]Table 1: UE behavior when HARQ-ACK only and SR PUCCH resources overlap in time
	
	HARQ-ACK scheduled with F0
	HARQ-ACK scheduled with F1
	HARQ-ACK scheduled with F2/3/4

	SR configured with PUCCH F0
	Transmit HARQ-ACK/SR simultaneously based on the HARQ-ACK PUCCH resource
	Drop the SR reporting occasion and transmit only HARQ-ACK on the HARQ-ACK PUCCH resource
	Transmit HARQ-ACK/SR simultaneously based on the HARQ-ACK PUCCH resource

	SR configured with PUCCH F1
	
	If the occurrence of the SR PUCCH resource in confined in time within the HARQ-ACK PUCCH resource, transmit HARQ-ACK/SR simultaneously using both HARQ-ACK PUCCH resource and SR PUCCH resource.
Otherwise, drop the SR reporting occasion and transmit only HARQ-ACK on the HARQ-ACK PUCCH resource.
	



Simultaneous transmission of AN/SR and CSI due to overlapping PUCCH resources
Determining the PUCCH resource
Clearly, PUCCH formats designed for conveying more than 2 UCI bits, i.e. PUCCH Format 2 or 3 or 4, can be only used for of more than 2 bits HARQ-ACK or transmission of CSI or simultaneous transmission of HARQ-ACK/SR and CSI. However, it is not clear how a UE determines the PUCCH format when it intends to transmit HARQ-ACK/SR and CSI simultaneously. Firstly, when the PUCCH resources corresponding to HARQ-ACK and CSI overlap, the HARQ-ACK can be transmitted with any of the PUCCH formats including PUCCH formats 2 or 3 or 4.  Secondly, similarly to Case 1 described above, the transmission of HARQ-ACK should not be delayed due to the potential multiplexing of different UCIs in case of overlapping PUCCH resources. The CSI configured resources can as well configured earlier in time that the HARQ-ACK PUCCH resource. Therefore, it is not clear why the UE has to use the PUCCH resource configured for CSI for transmission of CSI and HARQ-ACK. From our perspective, the preferred solution is that the UE determines the PUCCH resource for HARQ-ACK/SR and CSI transmission similarly to only HARQ-ACK transmission using the size of UCI bits for determining a PUCCH resource set and the PUCCH resource indicator field in DCI for eventually determining a PUCCH resource in the set. The benefits with this approach is that a unified framework for UCI transmission on PUCCH including HARQ-ACK information bits can be adopted irrespective of presence of CSI reports. Also, the design guidelines with respect to HARQ-ACK transmission time are respected. Therefore, we propose the following:

Proposal 5:
· When a UE is configured for simultaneous transmission of HARQ-ACK/SR and CSI by higher layers, if transmission of HARQ-ACK/SR and CSI using PUCCH resources overlap, to convey the HARQ-ACK/SR and CSI on a PUCCH transmission, the UE determines a PUCCH resource after determining a PUCCH resource set for a UCI size based on the number of HARQ-ACK/SR and CSI bits assuming the maximum number of CSI bits. The PUCCH resource is selected from the PUCCH resources in the PUCCH resource set based on the same PUCCH resource indicator field in the DCI that was used to determine the PUCCH resource for only HARQ-ACK transmission. 
Encoding and mapping of HARQ-ACK/SR and CSI:

For encoding purposes of the HARQ-ACK /SR and CSI, since CSI Part 1 and Part 2 are differently encoded depending on the PUCCH format used in the CSI reporting configuration proper considerations should be taken into account to avoid additional complexity within a unified framework based on the previous agreements.
· If CSI is configured with PUCCH format 2, it implies that CSI Part 1 and Part 2 are jointly encoded. Furthermore, we have already agreed that if CSI and HARQ-ACK/SR are simultaneously transmitted using PUCCH format 2, HARQ-ACK/SR and CSI are jointly encoded using the maximum configured code rate.  To have a unified frame work, we extend this procedure and propose that if CSI is configured with PUCCH format 2, and if the UE uses PUCCH format 3 (or 4) resource for simultaneous transmission of HARQ-ACK/SR and CSI as described previously, the CSI and HARQ-ACK/SR are jointly encoded based on the max code rate for PUCCH F3 (or F4) and the same RE mapping rule as for only HARQ-ACK transmission on a PUCCH format 3 (or 4) is applied.
· If CSI is configured with a PUCCH format 3 (or 4), it implies that CSI Part 1 and Part 2 are separately encoded and mapped separately to REs in a PUCCH resource. Furthermore, we have already agreed that if CSI and HARQ-ACK/SR are simultaneously transmitted on a PUCCH format 3 (or 4), HARQ-ACK/SR and CSI part 1 are jointly encoded using the maximum configured code rate. The remaining resources are used for encoding of CSI Part 2. To have a unified frame work and avoid introducing a new mapping scheme, we extend this procedure and propose that if CSI is configured with a PUCCH format 3 (or 4), and if the UE uses PUCCH format 2 resource for simultaneous transmission of HARQ-ACK /SR and CSI as described previously, the HARQ-ACK /SR and CSI part 1 are jointly encoded using the max code rate of PUCCH F2 and CSI part 2 is dropped. 

We summarize the above UE behavior with respect to encoding of the UCI bits in Table 2 based on the previous agreements and the following proposals:
Proposal 6:
· If the parameter PUCCH-F3/4-simultanoeus-HARQ-ACK-CSI is set to TRUE, and if CSI is configured with PUCCH format 2, and if the UE determines a PUCCH format 3/4 resource for simultaneous transmission of HARQ-ACK /SR and CSI, the CSI and HARQ-ACK/SR are jointly encoded based on the max code rate for PUCCH F3 (or F4) and the same RE mapping rule as for only HARQ-ACK transmission on a PUCCH format 3/4 is applied.
· If the parameter PUCCH-F2-simultanoeus-HARQ-ACK-CSI is set to TRUE, and if CSI is configured with PUCCH format 3/4, and if a UE determines a PUCCH format 2 resource for simultaneous transmission of HARQ-ACK /SR and CSI, CSI Part 2 is dropped and CSI Part 1 is jointly encoded with HARQ-ACK /SR using the configured max code rate for PUCCH format 2 and the same RE mapping rule as for only HARQ-ACK transmission on a PUCCH format 2 is applied.
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	PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE
Determined resource with AN/SR+CSI is F2
	PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE
Determined resource with AN/SR+CSI is F3
	PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE
Determined resource with AN/SR+CSI is F4

	CSI configured with F2
	Jointly encode A/N and CSI report at the configured max code rate using the A/N+CSI PUCCH resource

	CSI configured with F3
	Jointly encode A/N and CSI Part 1 report at the configured max code rate and drop CSI Part 2
	Jointly encode A/N and CSI Part 1 at the configured max code rate.  Separately encode CSI Part 2 using remaining resources (if any) of the PUCCH resource

	CSI configured with F4
	
	




Conclusion
In this contribution we addressed the issues that are needed to be resolved in order to clarify properly a UE behavior for multiplexing UCI on a PUCCH resource. Based on the discussion the following are proposed:
Observation:
· For prioritization of an SR transmission over HARQ-ACK transmission, the UE should be able to determine whether the HARQ-ACK bits correspond to a high priority scheduled DL transmission. If this is not feasible, the baseline assumption for multiplexing different UCI on PUCCH should be based prioritizing HARQ-ACK over other UCI types.

Proposal 1:
· A collision between two PUCCH transmission occasions for a UE occurs when any part of the first PUCCH transmission occasion overlaps in time with any part of the second PUCCH transmission occasion.  
Proposal 2:
· In Rel-15, for the purpose of UCI multiplexing on a PUCCH resource, the UE assumes that HARQ-ACK has higher priority than SR and CSI.

Proposal 3:
· If a UE is indicated a PUCCH Format 1 resource for transmission of HARQ-ACK only which overlaps with an SR reporting occasion which is configured with PUCCH Format 0, the UE drops the SR and transmits only HARQ-ACK information on the PUCCH Format 1 resource indicated for only HARQ-ACK information transmission.

Proposal 4:
· For the case where a UE is indicated a PUCCH Format 1 resource for transmission of HARQ-ACK information only which overlaps with an SR reporting occasion that is configured with PUCCH Format 1, if the SR PUCCH resource is confined in time within the PUCCH resource for only HARQ-ACK information, the UE transmits the HARQ-ACK information and SR simultaneously. Otherwise, the UE drops the SR and transmit only the HARQ-ACK information on the PUCCH Format 1 PUCCH resource indicated for only HARQ-ACK information transmission.

Proposal 5:
· When a UE is configured for simultaneous transmission of HARQ-ACK/SR and CSI by higher layers, if transmission of HARQ-ACK/SR and CSI using PUCCH resources overlap, to convey the HARQ-ACK/SR and CSI on a PUCCH transmission, the UE determines a PUCCH resource after determining a PUCCH resource set for a UCI size based on the number of HARQ-ACK/SR and CSI bits assuming the maximum number of CSI bits. The PUCCH resource is selected from the PUCCH resources in the PUCCH resource set based on the same PUCCH resource indicator field in the DCI that was used to determine the PUCCH resource for only HARQ-ACK transmission. 
Proposal 6:
· If the parameter PUCCH-F3/4-simultanoeus-HARQ-ACK-CSI is set to TRUE, and if CSI is configured with PUCCH format 2, and if the UE determines a PUCCH format 3/4 resource for simultaneous transmission of HARQ-ACK /SR and CSI, the CSI and HARQ-ACK/SR are jointly encoded based on the max code rate for PUCCH F3 (or F4) and the same RE mapping rule as for only HARQ-ACK transmission on a PUCCH format 3/4 is applied.
· If the parameter PUCCH-F2-simultanoeus-HARQ-ACK-CSI is set to TRUE, and if CSI is configured with PUCCH format 3/4, and if a UE determines a PUCCH format 2 resource for simultaneous transmission of HARQ-ACK /SR and CSI, CSI Part 2 is dropped and CSI Part 1 is jointly encoded with HARQ-ACK /SR using the configured max code rate for PUCCH format 2 and the same RE mapping rule as for only HARQ-ACK transmission on a PUCCH format 2 is applied.
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