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Introduction
This document summarizes the views expressed in the submitted contributions to the RAN1#91 meeting with respect to the design aspects of short PUCCH for NR, under the agenda item 7.3.2.1. For the reference, the list of the contributions is available in the Appendix. Moreover, some proposals for agreement on the remaining details on the short PUCCH are provided as well. 
Short PUCCH for UCI up to 2 bits
In the following we address the key open issues with respect to the agenda item 7.3.2.1.1. The companies view with respect to these issues are captured and when feasible a proposal is provided that can be considered for discussion and decision. 
In the following the short PUCCH format for UCI up to 2 bits is referred to as PUCCH format 0, occasionally.
[bookmark: _Ref493509378]UCI bits to cyclic shift mapping in PUCCH Format 0
As agreed the number of available cyclic shifts for a base sequence within a PRB is 12. A user can be assigned with some of these cyclic shifts to form the sequences that are used for transmission of HARQ-ACK bits. In the previous meeting, it was agreed that in the absence of the SR, a UE assumes 2 or 4 sequences with equally distance cyclic shifts within a PRB for transmission of 1 or 2 bits HARQ-ACK, respectively. With respect to mapping the HARQ-ACK bits to the cyclic shifts, there are two sets of proposals which are listed below. The first alternative introduces a level of randomization that can potentially reduce the intra-cell interference. The second alternative proposes fix mapping and relies on the random nature of HARQ-ACK bits to introduce such randomness.
Summary of Proposals:
· Alt 1: For PUCCH Format 0, pseudo-randomized mapping from assigned cyclic shift to ACK/NACK hypothesis is supported. The pseudo-random generator is initialized based on the slot index, symbol index and C-RNTI.
· Supportive companies: HW, Panasonic, QC
· Companies propose different methods for initialization and randomization.
· Alt 2: For PUCCH Format 0, a fixed mapping from assigned cyclic shift to ACK/NACK hypothesis is supported. 
· Supportive companies: OPPO, E///, Nokia, CATT, LG
· Based on the contributions reviews, it seems that most of the other companies used this alternative in their analysis (for example on CS assignment in case of multiplexing HARQ-ACK and SR) although it is not explicitly proposed.
The benefits of randomized mapping can be discussed further. However, considering that 1) the used cyclic shifts for PUCCH transmission  will randomly change due to changes in HARQ-ACK bits, 2) the gNB decisions on proper configurations of cyclic shifts among its users, 3) potential issues for operation in the unlicensed spectrum due to creating time dependency 4) limited time in order to unify the proposal for randomized approach and 4) the understanding that majority of the companies are in favor of fixed mapping due to is simplicity, we propose the following for the potential agreement:
	Proposal 2-1-1:
· The mapping of ACK and NACK to cyclic shifts is based on the index of initial cyclic shift and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.  
· 
· Note: The value range for the index of initial cyclic shift (Cinitial) is integer values from 0 to 11.
Table 1: Mapping pattern for 1-bit HARQ-ACK
	HARQ-ACK
	NACK
	ACK

	Cyclic shift
	

	




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

	Cyclic shift
	

	

	

	






	



Simultaneous HARQ-ACK and SR with PUCCH Format 0
	Agreements:
· For HARQ-ACK transmission using short PUCCH for up to 2 bits
· In case of 1-bit HARQ-ACK only: 
· The distance between the two cyclic shifts within a PRB is 6
· In case of 2-bit HARQ-ACK only
· The distance between any two adjacent cyclic shifts within a PRB is 3 
· In case of 1-bit HARQ-ACK & SR (positive or negative)
· FFS
· In case of 2-bit HARQ-ACK & SR (positive or negative)
· FFS




The UE can semi-statically be configured for transmission of SR. However, when the transmission of SR coincides with the transmission of HARQ-ACK using PUCCH format 0, HARQ-ACK and SR can be conveyed in the PUCCH format 0 transmission. The question is how the PUCCH resources should be used for this purpose. In the following different proposals are summarized:

Summary of Proposals:
· For simultaneous transmission of 2 bits HARQ-ACK and SR using PUCCH format 0, the following alternatives are proposed for number of sequences.
· Alt 1 (no bundling): 8 sequences in the same or different PRBs
· 4 sequences are used for 2 bits HARQ-ACK with negative SR 
· The other 4 sequences on the same or different PRBs are used for 2 bits HARQ-ACK with positive SR. 
· Supportive companies: HW, Spread Comm., WILUS, MTK, OPPO, Samsung, QC, DCM, vivo, Intel, CATT, Panasonic, InterDigital, LG 
· Same PRB: HW (special bits to CS mapping), Spread Comm., WILUS, 
· Different PRB: MTK, OPPO, Samsung, QC, DCM, CATT
· Same or different: vivo, Intel (most likely different), Panasonic, InterDigital (1-bit same PRB, 2 bits different PRB), LG

· Alt 2 (with bundling): 6 sequences in the same PRB or different PRBs
· 4 sequences are used for 2 bits HARQ-ACK with negative SR
· The other 2 sequences on the same or different PRBs are used for (bundled) 1 bits HARQ-ACK with positive SR
· Supportive companies: E///, ZTE, LG

· Alt 3 (3 sequences for 1 bit and no bundling, 5 sequences for 2 bits with bundling):
· 3 sequences for 1-bit HARQ-ACK + SR, (2 of the HARQ-ACK and 1 for SR): DTX for NACK with negative SR, the other 3 states are mapped to the three available sequences.
· 5 sequences for 2-bit HARQ-ACK + SR (4 of the HARQ-ACK and 1 for SR). There is a total of eight states, these are handle as follows:  DTX; NACK with negative SR, the remaining three states of HARQ-ACK with negative SR are transmitted using three of the HARQ-ACK sequences, the remaining HARQ-ACK sequence is used for ACK-ACK with positive SR. The remaining three states of positive SR (at least one NACK with positive SR), are bundled to the SR sequence.
· Supportive companies: Nokia, Sequens, Panasonic (second preference)

On this topic, it is observed that the majority of the companies are in favor of the Alt 1. Hence, we propose to consider the following proposal reflecting Alt 1 for the potential agreement:
	Proposal 2-2:
For simultaneous transmission of 2 bits HARQ-ACK and SR using PUCCH format 0: 
· In case of negative SR, the same sequences as for HARQ-ACK only transmission are used.
· In case of positive SR,
· HARQ-ACK bits are transmitted on the PRB for the semi-static configured resource for SR.
· The mapping of ACK and NACK to cyclic shifts is based on the index of cyclic shift of the semi-static configured resource for the SR (CSsr) and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.
· Note: The value range for the index of initial cyclic shift is integer values from 0 to 11.
Table 1: Mapping pattern for 1-bit HARQ-ACK and positive SR
	HARQ-ACK
	NACK
	ACK

	Cyclic shift
	CSsr
	(CSsr + 6) mod 12 



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

	Cyclic shift
	CSsr
	(CSsr + 3) mod 12 
	(CSsr + 6) mod 12 
	(CSsr + 9) mod 12 





[bookmark: _Ref499410308]Base sequence and cyclic shift hopping in PUCCH Format 0
	Agreements:
· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Agreements:
· For long PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI
· Note this parameter for hopping is the same as the one used for short PUCCH for up to 2 UCI bits
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact




It was agreed in the previous meeting to enable the base sequence hopping of PUCCH format 0 by cell-specific RRC parameters for PUCCH transmission in different slots. The details of the hopping pattern remain to be clarified. Moreover, it has been discussed whether and how to support cyclic shift hopping in addition to the base sequence hopping. Finally, it is beneficial to address whether the same pattern is applicable to PUCCH format 1. In the following we summarize the expressed views in these topics.
Summary of Proposals:
· Reuse LTE-like group hopping pattern and cyclic shift hopping pattern for the base sequence hopping and the initial cyclic shift hopping, respectively.

· The base sequence hopping is based on
· Alt 1: the configurable ID, slot index.
· Supportive companies: E//, LG, Nokia, Intel, CATT, QC
· Alt 2: the configurable ID, slot index and symbol index.
· Supportive companies: HW, Spread Comm., Samsung, Panasonic
· Different proposals for initialization of the PN sequence generator
· Alt 3: the configurable ID, slot index, symbol index and PRB index.
· Supportive companies: DCM

· The initial cyclic shift hopping sequence is based on
· Alt 1: the configurable ID, slot index and symbol index.
· Supportive companies: E///, HW, Spread Comm., LG, Intel, Nokia, CATT, Samsung, Panasonic, QC
· Alt 2: the configurable ID, slot index, symbol index and PRB index.
· Supportive companies: DCM

On this topic, it is observed that reusing LTE based hopping patterns is agreeable to all companies. With respect to the base sequence hopping pattern, there are views to base the hopping pattern on the symbol index as well. The proponents of this view, propose different initialization methods for the PN sequence generator.It seems to be a reasonable approach to base the design based on the LTE approach, i.e. Alt.1 since symbol level randomization can be provided by cyclic shift hopping. On the cyclic shift hopping a clear majority is in favor of Alt 1. Hence, we propose to consider the following proposal reflecting Alt 1 for the potential agreement. Additionally, it is attempted to extend the proposal to Format 1 for potentially agree on a unified frame work for both formats:
	Proposal 2-3-1:
· The base sequence hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID at the beginning of each radio frame.
· The hopping pattern depends on the slot index in the radio frame and the RRC configured ID similarly to LTE
Proposal 2-3-2:
· Symbol based cyclic shift hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID.
· The hopping pattern depends on the slot index in the radio frame and the symbol index in the slot and the RRC configured ID similarly to LTE.




Multiplexing PUCCH Format 0 with other channels
	Agreement:
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.
· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed.



There have been proposals for multiplexing the PUCCH with different channels from the same or different UEs. Depending on the case, there might be an impact on the corresponding PUCCH design or the UE behaviour. Some proposals are transparent to the UE and falls within gNB implementation. Below, the expressed proposals are summarized below.
Summary of Proposals:
· Alt 1: FDM between SRS and PUCCH Format 0 is supported.
· Supportive companies: HW
· Alt 2: IFDM between SRS and PUCCH Format 0 is not supported.
· Supportive companies: Panasonic
· Alt 3: Multiplexing (FDM or CDM) of PUCCH Format 0 with other signals is not supported.
· Supportive companies: Nokia, Samsung

It is important to note that some companies proposed IFDM or FDM of SRS and short PUCCH (PUCCH Format 0). However, based on the above agreement the proposal in Alt 1 is not supported while the proposal in Alt 2 is already agreed. With respect to the proposal in Alt 3, it is worthwhile to mention that this proposal is representative of most of the companies view from the previous meeting. The progress in design of the PUCCH format 0 such as a structure based on only a length 12 sequence with consecutive sub-carriers, as well as the potential impact of the inter-modulation products in case of FDM with other signals, provide an incentive to consider the proposal in Alt 3 for potential agreement. Hence, we propose the following:
	Proposal 2-4:
· CDM or (I)FDM of PUCCH Format 0 with other uplink channels or signals from a UE is not supported.



Symbol timing of short PUCCH transmission
	Agreements:
· In addition to the already agreed short PUCCH resources in the last and second last symbols, additional short PUCCH resources can be configured in other symbols of a slot 
· FFS whether or not such a configuration is conditioned on non-slot based operation 



In the previous meeting, transmission of short PUCCH in any symbol in addition to the last two symbols within a slot was agreed however it was further discussed whether the additional transmission occasions than the last two symbols are dependent to the case of non-slot based transmission. Few companies have expressed views as summarized below:
Summary of Proposals:
· Alt 1: In Rel-15, short PUCCH transmission in other symbols than the last two symbols of a slot is conditioned on non-slot based transmission.
· Supportive companies: Samsung, QC
· Alt 2: Configuration of a short PUCCH transmission in other symbols than the last two symbols of a slot is not conditioned on the non-slot based transmission.
· Supportive companies: E///, vivo (at least for FDD), ZTE, ETRI

It seems it would be reasonable to further discuss this topic there are opposing views and more although majority of expressed views are in favor of Alt 2.
Recommendation:
· Further discussion is needed although majority of views are in favor of Alt 2.
Other topics
In the following we list few other topics that have been proposed to be considered. Some of the issues may not be needed to be treated for being dependent on the outcome of other discussions. Some aspects present improved solutions to already existing ones which can be treated if time allows. 
· Mapping of HARQ-ACK and SR to cyclic shifts
· Alt 1: Extension of HARQ-ACK to cyclic shifts without major changes.
· Assumption of majority of companies
· Alt 2: Extension of HARQ-ACK to cyclic shifts with changes in the CS assignments.
· Proposed by HW
· Periodicity of base and cyclic shift hopping pattern
· Alt 1: Slot based
· Assumption of majority of companies
· Alt 2: Sot or subframe Based
· Discussed by CATT, LGE
· Sequence grouping for the length-12 sequences for at least 3 PRBs
· ZTE proposes a grouping schemes for transmission of 3 PRBs PUCCH format 0 if supported.
Short PUCCH for UCI more than 2 bits
In the following we address the key open issues with respect to the agenda item 7.3.2.1.2. The companies view with respect to these issues are captured and when feasible a proposal is provided that can be considered for discussion and decision. 
In the following the short PUCCH format for UCI up to 2 bits is referred to as PUCCH format 2, occasionally.
Number of PRB for transmission of PUCCH Format 2
	Agreements:
· For short-PUCCH for UCI of more than 2 bits
· Only contiguous PRB allocation within a symbol is supported in release-15
· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:
· As a function of UCI payload size 
· Dynamic indication via DCI
· FFS the detailed determination method
· FFS the set of supported PRBs

Agreements:
Table 1: Parameters configured in PUCCH resource sets and their value ranges 
	 
	PUCCH 
Format 2

	Index for identifying starting PRB
	Configurability
	√

	
	Value range
	0 - [274]

	Number of PRBs
	Configurability
	√

	
	Value range
	1 – [16]


 



It is agreed to configure the number of PRBs as well as the index of the staring PRB for PUCCH Format 2. However, whether the configured number of PRBs are equivalent to the actual number of PRBS used for transmission of UCI bits with PUCCH Format 2, the opinions vary. Also on the value ranges of number of configured PRB there is a proposal that is different from the baseline assumption being 1-16. Finally, few companies have addressed bundling of HARQ-ACK bits when the configured PRB resources are not sufficient for the corresponding UCI transmission. 
The proposals are summarized below in different categories.

 Summary of Proposals (1) – Number of used PRBs:
· Alt 1: The number of PRBs used to transmit PUCCH is determined by the total number of actual UCI bits and the configured max coding rate.
· Supportive companies: vivo, Nokia, Intel, QC, OPPO, CATT, LG
· Alt 2: In addition to RRC configuration, the number of PRB is indicated by the DCI.
· Supportive companies: HW
· Alt 3: The configured PRBs are used for transmission of PUCCH Format 2.
· Supportive companies: E///, Samsung
· Alt 4: The number of PRBs is separately configured for each PUCCH resource in the set of PUCCH resources. PUCCH resource configuration also indicates whether the number of PRBs is interpreted in a static or flexible manner.
· Supportive companies: Nokia
Summary of Proposals (2) – Value range of number of PRBs:
· Alt 1: For PUCCH format 2, the value range of number of configured PRBs is limited to {1, 2, 4, 8}.
· Supportive companies: Samsung
· Alt 2:  For PUCCH format 2, the value range of number of configured PRBs is 1-16.
· Supportive companies: Other companies (either explicit proposal for1-16 (HW, E///) or no explicit objection to 1-16)
Summary of Proposals (3) – HARQ-ACK bundling:
· When the number of UCI bits exceeds the maximum number of UCI bits than can be transmitted in a slot with PUCCH Format 2, for HARQ-ACK only transmission, multiple-level HARQ-ACK bundling is used to reduce number of UCI bits on PUCCH format 2 as the following:
· 1st step: HARQ-ACK bundling across multiple CBGs within a TB.
· 2nd step: HARQ-ACK bundling across multiple TBs per CW.
· Note that the second step bundling occurs if after first step, the number of UCI bits still exceeds the maximum number of UCI bits than can be transmitted.
· Supportive companies: OPPO

With respect to the number of PRBs proposals (i.e. Proposals 1) used for PUCCH transmission, it seems the majority of views are in favor or Alt 1, reusing LTE approach for UCI transmission on PUCCH format 4/5. Alt 2 requires additional DCI field where implicit and explicit means are viable by Alt 1 and Alt 3, respectively without the need for introducing a new DCI field. Alt 3 is explicitly proposed by two companies which the details of their corresponding approaches differ. Finally, Alt 4 requires additional RRC configuration where the benefit is unclear while it is already agreed to be part of the configured resource set. Due to the strict time-line it is recommended to avoid introducing any new RRC parameter unless it seems necessary. Hence it seems Alt 1 can be considered as a proposal for potential agreement.
With respect to value ranges for the number of configured PRBs (i.e. Proposal 2), the majority of view seems to be in favor or 1-16. Although there might be a need for larger number of PRBs for simultaneous transmission of CSI reports and HARQ-ACK if operated with CBG. Hence it seems Alt 2 can be considered as a proposal for potential agreement.
The bundling approach (i.e. Proposals 3), seems to be a reasonable approach not to drop HARQ-ACK however it seems such an event can be due to misconfiguration. However, the proposal is listed below which can be discussed as a potential agreement,

	Proposal 3-1-1:
· For PUCCH format 2, the value range of number of configured PRBs is 1-16.
Proposal 3-1-2:
· The number of PRBs used to transmit a PUCCH Format 2 is determined by the total number of UCI bits and the configured max coding rate for PUCCH Format 2.
· The configured number of PRBs represents the maximum size of PUCCH resource. The number of transmitted PRBs is determined based on the UCI payload size and maximum coding rate, upper bounded by the configured number of PRBs.

Proposal 3-1-3:
· When the number of UCI bits exceeds the maximum number of UCI bits than can be transmitted in a slot with PUCCH Format 2, for HARQ-ACK only transmission, multiple-level HARQ-ACK bundling is used to reduce number of UCI bits on PUCCH format 2 as the following:
· 1st step: HARQ-ACK bundling across multiple CBGs within a TB.
· 2nd step: HARQ-ACK bundling across multiple TBs per CW.
· Note that the second step bundling occurs if after first step, the number of UCI bits still exceeds the maximum number of UCI bits than can be transmitted.




 
Simultaneous transmission of multiple UCI
	Agreements:
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

Agreements:
· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration
· FFS details
· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR
· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet




On simultaneous transmission of HARQ-ACK and SR, all companies propose to append the SR request to the HARQ-ACK bit and perform joint coding.
On simultaneous transmission of HARQ-ACK with/without SR with CSI, different views are expressed with respect to whether jointly encode the HARQ-ACK bits with CSI or separately.
Furthermore, all companies agree if needed, dropping of some CSI bits can be done. Few companies mentioned that in addition bundling of HARQ-ACK bits can be performed if necessary. With respect to dropping different some companies expressed views on the rules. The details need further discussion.
Finally, it is important to specify UE behavior in case there are difference between the PUCCH formats for HARQ-ACK and CSI. Two companies addressed which PUUCH Format 2 should be used in case of simultaneous transmission of HARQ-ACK/SR and CSI which are listed here and needs further discussion in order to form a unified view. 
The proposals are summarized below in different categories.
Summary of Proposals (1) – Separate or joint encoding:
· Alt 1: For simultaneous transmission of HARQ-ACK with/without SR and CSI reports with PUCCH Format 2, the HARQ-ACK/SR and CSI bits are jointly encoded.
· Supportive companies: E///, LGE, Nokia, OPPO, CATT, QC, Samsung(?) 
· Alt 2: For simultaneous transmission of HARQ-ACK with/without SR and CSI reports with PUCCH Format 2, the HARQ-ACK/SR are separately encoded from the CSI bits.
· Supportive companies: vivo, Intel

Summary of Proposals (2) – Reducing the number of UCI bits:
· When the number of UCI bits exceeds the maximum number of UCI bits than can be transmitted in a slot with PUCCH Format 2, the number of UCI bits are reduced for transmission by PUCCH Format 2. 
· Determine the method(s) from the following list with their respective prioritization that can be used for reduction of number of UCI bits:
· HARQ-ACK bits bundling
· L1-RSPR report and/or beam resource indicator dropping
· CSI reports dropping

Summary of Proposals (3) – Selection of PUCCH resources:
· When the UE is configured with simultaneous transmission of HARQ-ACK and CSI with PUCCH Format 2, if the occasion of CSI reporting with PUCCH Format 2 concurs with HARQ-ACK reporting and
· If the PUCCH format for HARQ-ACK is 0 or 1, the UE simultaneously transmits HARQ-ACK and CSI reporting using the PUCCH Format 2 resources intended for CSI.
· If the PUCCH format for HARQ-ACK is 2, the UE simultaneously transmits HARQ-ACK and CSI reporting using:
· Alt 1: the PUCCH Format 2 resources with a larger number of configured PRBs.
· Supportive companies: E///
· Alt 2: PUCCH resources for HARQ-ACK
· Supportive companies: CATT
· If the PUCCH format for HARQ-ACK is 3 or 4, the UE drops CSI and reports only HARQ-ACK.
Based on the above summary, the following proposals are suggested for potential agreements:
	Proposal 3-2-1:
· When the transmission of HARQ-ACK bits with PUCCH format 2 coincides with a semi-static configured SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the HARQ-ACK bits to form the UCI bits. 

Proposal 3-2-2:
· When the number of UCI bits exceeds the maximum number of UCI bits than can be transmitted in a slot with PUCCH Format 2, the number of UCI bits are reduced for transmission by PUCCH Format 2. 
· Determine the method(s) from the following list with their respective prioritization that can be used for reduction of number of UCI bits:
· HARQ-ACK bits bundling
· L1-RSPR report and/or bean resource indicator dropping
· CSI reports dropping

Proposal 3-2-3:
· When the UE is configured with simultaneous transmission of HARQ-ACK and CSI with PUCCH Format 2, if the occasion of CSI reporting with PUCCH Format 2 concurs with HARQ-ACK reporting,
· If the PUCCH format for HARQ-ACK is 0 or 1, the UE simultaneously transmits HARQ-ACK and CSI reporting using the PUCCH Format 2 resources intended for CSI.
· Else if the PUCCH format for HARQ-ACK is 2, the UE simultaneously transmits HARQ-ACK and CSI reporting. Select one of the following alternatives for PUCCH resources:
· Alt 1: PUCCH Format 2 resources with a larger number of configured PRBs.
· Alt 2: PUCCH Format 2 resources for HARQ-ACK
· If the PUCCH format for HARQ-ACK is 3 or 4, the UE drops CSI and reports only HARQ-ACK.




On DMRS and PN sequence generation
In the following we list few proposals on remaining issues with respect to DMRS generation as well as the PN sequence generator for constructing DMRS and scrambling the UCI encoded bits. Since these aspects need to be addressed, the corresponding proposals are captured here for potential agreement.
	Proposal 3-3-1 (Shifted DMRS):
· DMRS shifted mapping is not supported for PUCCH format 2.

Proposal 3-3-2 (Support of MU-MIMO):
· Select one of the following alternatives:
· Alt 1: In Rel-15, orthogonal MU-MIMO is not supported for PUCCH format 2.
· Alt 2: PUCCH DMRS sequence is defined to support MU-MIMO in Rel-15 or later releases.
· Support OCC on top of the PN sequence to support orthogonal MU-MIMO.
Proposal 3-2-3 (PN sequence generation): 
· LTE Gold sequence is used for scrambling UCI in short PUCCH format 2 and no new Gold sequence is introduced.
· For DMRS generation and scrambling of encoded UCI bits in PUCCH Format 2, the same initialization as for DMRS in PUSCH based on CP-OFDM is used.




Other topics
	Agreement:
For A-CSI on short PUCCH with single CSI report, down select from the following:
Alt 1:
The CSI report is triggered with CSI request field in DL-related DCI
· UE-specific or UE-group-specific DCI is to be discussed in control channel session
PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources
Alt 2:
Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used
Alt 3:	
· Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI




In the following we list few other topics that have been proposed to be considered. With respect to the multiplexing PUCCH with other channels, this topic may not be needed to be treated for being dependent on the outcome of other discussions. With respect to aperiodic CSI reporting only few companies have expressed views and since it is mainly discussed in MIMO session, it should be discussed jointly.
Some aspects present improved solutions to already existing ones which can be treated if time allows. 
Summary of Proposals – Multiplexing:
· Alt 1: FDM of short PUCCH with other signals or channels in a slot is not supported in Rel-15.
· Supportive companies: Intel, Samsung, QC
· Alt 2: IFDM of short PUCCH with other signals and channel such as another PUCCH or SRS is supported.
· Supportive companies: vivo, ETRI

Recommendation – Aperiodic CSI:
· Discuss further the open issues related to transmission of A-CSI on PUCCH with consideration to agenda item 7.2.
Support of short-PUCCH over 2 OFDM symbols
In the following we address the key open issues with respect to the agenda item 7.3.2.1.3. The companies view with respect to these issues are captured and when feasible a proposal is provided that can be considered for discussion and decision. 
It is important to mention that majority of the proposals are related to the base sequence and cyclic shift hopping to be dependent on the slot index, and/or symbol index and configurable cell ID. However, these open issues are already covered in section 2.3 where a general frame work is intended to be adopted including both 1-symbol and 2-symbol short PUCCH.
Frequency hopping
	Agreement:
Table 1: Parameters configured in PUCCH resource sets and their value ranges 
	 
	PUCCH 
Format 0
	PUCCH 
Format 2

	FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	FFS
	FFS

	
	Value range
	FFS
	FFS


 




For 2-symbol short PUCCH it is still an open issue that when the frequency hopping is enabled, how the UE determines the frequency resources for the second hop. As agreed during the email discussion [90b-NR-30], the UE can determine the index of the starting PRB and the number of PRBs of the first hop. Moreover, the number of PRBs in the first and second hops are equal based on the design principal that the 2-symbol PUCCH is an extension of the 1-symbol PUCCH.
 With respect to the index of the starting PRB of the second symbol when the frequency hopping is enabled, different views were expressed which are summarized below.
Summary of Proposals:
· Alt 1: For PUCCH Format 0 and 2 with two symbols duration,
· when the frequency hopping is enabled, the index of the starting PRB in the second symbol is configurable.
· when the frequency hopping is disabled, the index of the starting PRB in the second symbol is the same as the index of the starting PRB in the first symbol.
· Supportive companies: E///, LGE, Intel, vivo, QC, ETRI
· Alt 2: The frequency hopping can be restricted within a sub set of the UE's BWP which is configured by high layer.
· Use an offset parameter to configure the PUCCH resource of second hop and keep centro- symmetric for frequency hopping resource.
· Supportive companies: CATT

On this topic, it is observed that the majority of the companies are in favor of the Alt 1. Hence, we propose to consider the following proposal reflecting Alt 1 for the potential agreement:
	Proposal 4-1: 
· For PUCCH Format 0 and 2 with two symbols duration,
· when the frequency hopping is enabled, the index of the starting PRB in the second symbol is configurable.
· when the frequency hopping is disabled, the index of the starting PRB in the second symbol is the same as the index of the starting PRB in the first symbol.




Other topics
In the following, we list a topic that has been proposed as well to be considered for the design of 2-symbol PUCCH. However, it is considered of lower priority for discussion.
· Time-domain OCC for 2-symbol PUCCH:
· Proposal: For 2-symbol NR-PUCCH for up to 2 UCI bits, (length-2) time domain OCC can be applied across two symbols when frequency hopping is disabled.
· Supportive company: LG
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