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Introduction
This is the summary for the 7.3.2.1 providing the summary of the views expressed by companies listed in the contributions listed in the appendix. 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.
PUCCH sequence structure
· Comments: 
· For the sequences length of 12, 30 base sequences and 12 cyclic shifts for each base sequences are agreed. However, the structure of the sequence is not decided yet. There have been multiple proposals on adopting new sequences which claimed to outperform LTE sequences from such as CM, PAPR, cross-correlation properties. Due to the diverse proposals, a methodology for having fair performance comparison was agreed. Activities are going to summarize the performance comparison which can be used for making decision (R1-178843). Regardless, the following summarizes the expressed proposals for the sequence structures of this PUCCH format.

· Summary of proposals:
· Alt 1: LTE computer generated sequences (30 base and 12 CS per base)
· DCM, E//
· Alt 2: New computer generated sequences (30 base and 12 CS per base)
· HW, QC, CATT, Intel, Samsung, [E// if decided in a timely manner]
· Alt 3: Pi/2 BPSK based new computer generated sequences 
· IITH
· Alt 4: M-PSK based new computer generated sequences
· InterDigital, HW, Intel

As a potential step forward, the following action is proposed 
· Proposal 2-1:
· Summarize the performance of the new sequences and compare with LTE sequences (R1-1718843). Aim to decide on the PUCCH sequence by Wednesday. 
· Note: It should be understood that in case of lack of consensus on a new sequence, LTE sequences are used for PUCCH format 0. 
PUCCH sequence length
· Comments:
· Sequences of at least length 12 is supported. It is an open issue whether to support sequences of length 24 and/or 48. The companies in favour of longer sequences claimed benefits in increasing multi-user capacity and resource allocation. The companies against introducing in longer sequences than 12 are concerned for the accomplishment of NR Rel-15 and also the PUCCH performance loss by shown simulation results. The following, summarizes the expressed proposals on whether to support longer sequences than 12 or not. 


· Summary of proposals:
· Alt 1: Support only sequence of length 12.
· E//, Samsung,  DCM, [CATT], [Intel]
· Alt 2: Support additionally sequence of length 24.
· HW, Nokia
· Alt 3: Support additionally sequence of length 48.  
· Panasonic, Nokia

As a potential step forward, the following is proposed
· Proposal 2-2:
· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0).
Multiplexing PUCCH with other channels
· Comments:
· 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.
· It is important to note that some companies proposed IFDM of SRS and short PUCCH. However, based on the following agreement this alternative is not supported and hence is not considered in the summary.

	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



· Summary of proposals:
· Alt 1: Not supporting multiplexing with other signals
· DCM, Nokia, QC, Samsung

· Alt 2: CDM of short PUCCH with up to bits with DMRS of short PUCCH with more than 2 bits is supported.
· Yes: Vivo, ZTE
· No: E//, HW, Samsung

From this discussion, it has been observed that the majority of the companies are supportive of the following proposal which is one of the options to be decided on from the last meeting agreement.
· Proposal 2-3:
· The same set of sequences is used in short and long PUCCHs when each is used to transmit up to 2 UCI bits on one PRB.
· E//, Intel, Vivo, ZTE, Samsung, LG, DCM, Nokia, [HW]

[bookmark: _Ref493509378]PUCCH sequence assignment to UCI bits
· Comments:
· UCI transmitted on 1-symbol PUCCH for up to 2 bits with sequence selection includes only HARQ-ACK, SR, or simultaneous HARQ-ACK and SR. As mentioned above, it has been agreed to have 30 base sequences, each with corresponding 12 cyclic shifts. The different cyclic shifts are used to assign different UCI bits to a PUCCH sequence. The cyclic shift constitutes of the incremental cyclic shift between two consecutive sequences with respect of the cyclic shift order. It is proposed to inform the UE either implicitly or explicitly about the incremental cyclic shift which are summarized below.

· [bookmark: _Hlk495282149]Summary of proposals:
· For HARQ-ACK transmission using PUCCH format 0, m-bit HARQ-ACK is transmitted using  cyclic shifts using one of the following alternatives: 
· Alt 1: The distance between consecutive cyclic shifts for a given SR status (i.e. positive or negative) is given by 6 and 3 for 1 and 2 bits HARQ-ACK, respectively.
· HW, Intel, Samsung, CATT, ZTE, DCM, Panasonic, WILUS, [Nokia], [QC based on shown example]
· HW: Example for 1-bit A/N and SR 
· ACK and SR+ use CS3
· NACK and SR+ use CS0
· ACK and SR- use CS9
· NACK and SR- use CS6

· Alt 2: The distance between consecutive cyclic shifts for a given SR status (i.e. positive or negative) is indicated to the UE by its assigned PUCCH resource. 
· E//, LG
· Alt 3:

From this discussion, it has been observed that the majority of the companies are supportive of the following proposal.
· Proposal 2-4:
· For HARQ-ACK transmission, m-bit HARQ-ACK is transmitted using  cyclic shifts. the distance between consecutive cyclic shifts within a PRB for a given SR status (i.e. positive or negative) is given by is 6 and 3 for 1 and 2 bits HARQ-ACK, respectively.

Inter-cell interference randomization
· Comments:
· There have been discussions on the need for mechanisms to randomize inter-cell interference. The mechanisms are applied for different occasions of PUCCH transmission. The proposals are summarized below.

· Summary of proposals:
· Alt 1: For short PUCCH for up to 2 UCI bits, the initial cyclic shift can be hopped for transmission of PUCCH in different slot
· The hopping pattern of the cyclic shift is UE specific.
· E//, HW, Intel, Vivo, Panasonic, QC [random pattern]
· Alt 2: For short PUCCH with up to 2 UCI bits, the association between HARQ-ACK information states and the cyclic shifts of the PUCCH sequences should vary among different slots in a UE-specific way.
· HW
· Alt 3: Sequence group hopping pattern with the following options can be considered in NR.
· Option 1: Fixed time period (e.g., 10ms) / Fixed time unit (e.g., 0.5ms)
· Option 2: Fixed time period (e.g., 10ms) / Scalable time unit (e.g., 1 slot)
· Option 3: Scalable period (e.g., 20 slots) / Scalable time unit (e.g., 1 slot)
· LG

From this discussion, it has been observed that the majority of the companies are supportive of the following proposal.
· Proposal 2-5:
· For short PUCCH for up to 2 UCI bits, the initial cyclic shift can be hopped for transmission of PUCCH in different slot
· The hopping pattern of the cyclic shift is UE specific.
Simultaneous transmission of different UCI types
· Comments:
· When SR is simultaneously transmitted with HARQ-ACK bits, there has been concern on the resource allocation with respect to the available cyclic shifts to accommodate this operation, especially in case of two HARQ-ACK bits. In the following we list the corresponding proposals.
· Note: It is commonly understood that the SR resource is semi-statically configured. The PUCCH resources for  HARQ-ACK bits (with and without SR) are indicated to the UE by DCI from a set of candidatesina PUCCH resource set.

· 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 sequence in the same or different PRBs
· 4 sequences are used for 2 bits HARQ-ACK with negative SR 
· The other 4 sequences are used for 2 bits HARQ-ACK with positive SR
· LG, DCM, Panasonic, CATT, Samsung, E//, [QC]
· 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 used for (bundled) 1 bits HARQ-ACK with positive SR
· LG, Intel, ZTE, E//
· Alt 3 : 3 sequences  for 1 bit (no bundling), 5 sequences for 2 bits (with bundling)
· In case of 1-bit HARQ-ACK + SR, there are three sequences (the 2 of the HARQ-ACK + 1 for SR). There are a total of four states, these are handled as follows: by not transmitting, NACK with negative SR, the other 3 states are mapped to the three available sequences.
· In case of 2-bit HARQ-ACK + SR, there are five sequences (the 4 of the HARQ-ACK + 1 for SR). There are a total of eight states, these are handle as follows: by not transmitting NACK, 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.
· Nokia
· 

It seems that further discussions are needed to decide whether to consider the bundling approach for simultaneous transmission of HARQ-ACK bits and SR.
With respect to transmission of different UCI types, as a potential step forward, the followings are proposed:

· Proposal 2-6:
· Maximum one positive SR corresponding to a single SR configuration can be simultaneously transmitted with HARQ-ACK bits when the PUCCH for up to 2 UCI bits is used. 
· Transmission of CSI feedback with/without HARQ-ACK bits and/or SR by PUCCH for up to 2 UCI bits is not supported.
· For simultaneous transmission of 1 bit HARQ-ACK and SR using PUCCH format 0, the number of sequences is 4.
· For SR transmission only, one CS of one PRB is allocated to a UE. 
· The UE transmits PUCCH format 0 with the given CS of the PRB for the case of positive SR; while the UE does not transmit PUCCH format 0 for the case of negative SR.
· E//, HW, Intel, Samsung, DCM
Symbol timing of short PUCCH transmission
· Comments:
· The transmission of short PUCCH is at least supported in the last two symbols of the slot. However, views where expressed that it is beneficial to allow more opportunities within a slot for short PUCCH transmissions. It has been discussed that would be advantageous for URRLC type of transmissions, for applications when DL and UL operate with different numerology, etc. Based on the views expressed the following is proposed.

The following proposal can be potentially considered for agreement:
· Proposal 2-7:
· In addition to the already agreed short PUCCH resources in the last and second last symbol, additional short PUCCH resources can be configured in other symbols of a slot.
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.
PRB allocations
· Comments:
· In this PUCCH format, the number of allocated PRBs, depend on the number of UCI bits and the applied coding rate. Two approaches were proposed for the PRB allocation. In the first approach, a set of candidates PRBs are configured and depending on the number of UCI bits the UE can assume the proper number of PRBs. In the other approach, more flexibility is allowed to adjust the coding rates based on the situation and hence decide on the number of PRBs. Hence the UE is not constrained to choose from a limited set.
· Another topic is whether the allocated PRBs are contiguous or non-contiguous. Concerns have been shown to non-contiguous allocation such as IMD. Also, due to the time limit for completion of Rel-15, it is proposed to prioritize contiguous transmission.

· Summary of Proposals:
· Alt 1: Candidate PRBs are indicated by DCI from the configured PUCCH resource set
· HW, Samsung
· Alt 2: The number of PRBs is determined by a pre-defined rule as a function of UCI payload size in each slot. 
· E//, Intel, CATT, Vivo, LG, Nokia, Samsung

The following proposals can be considered for potential agreements.
· Proposal 3-1:
· Contiguous PRB allocation should be prioritized as baseline for 1-symbol PUCCH in release-15. 
· QC, Intel, CATT, E//, Samsung
· The number of PRBs is determined by a pre-defined rule as a function of UCI payload size in each slot
· FFS on the details of pre-defined rule

Scrambling of encoded UCI 
· 
Comments:
It has been agreed that the encoded UCI bits should be scrambled. However, the details of scrambling are remained to be solved.
· Summary of proposals:

· Alt 1 (HW): The scrambling method of short PUCCH in NR should reuse the way of LTE PUCCH format 2, 3, 4, 5.
· 

· Alt 2 (CATT): The scrambling initialization for the encoded bits is UE specific and is based on the LTE PUCCH scrambling sequence initialization.
· 



Note: The LTE scheme could be reused for NR-PUCCH with some possible modifications. For example, initialization of the scrambling sequence generator could be generalized to  where is a numerology-specific counting index such as the NR slot index,  is a network ID and and is a UE ID. Note also that here the exponent of 16 assumes a 16-bit UE ID.
· Alt 3 (Ericsson): For 1-symbol short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits.
· For scrambling of encoded bits in PUCCH, use the same initializing as for PUSCH based on CP-OFDM.

Further discussion is needed on this issue. However, it seems it is agreeable to use LTE PN sequence generator for scrambling. Therefore, the following is proposed:
Proposal 3-2:
· For short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits.

DMRS sequence
· Comments:
It has been agreed in the previous meeting to use PN sequences for DMRS generation. However, the PN generator and its initializations are remained to be clarified. The following lists the proposals on the initialization of the sequence. However, it seems that there is a common understanding that LTE PN sequence generator is used. Also there has been proposals to support 2-ports DMRS. Some companies are proposing to introduce OCC on the DMRS symbols. Finally, there has been an FFS whether to support shifting DMRS. Some companies expressed their views on that. 
In the following we capture the corresponding proposals.

· Summary of proposals:
· The following are proposed for the initialization of the DMRS sequences:
· Alt 1 (Intel): PUCCH DMRS PN sequence employs the same sequence generating function as PUSCH DMRS PN sequence, and the sequence initialization is performed separately between PUSCH and PUCCH.
· Alt 2 (Ericsson): For 1-symbol short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for generation of DMRS.
· For DMRS in PUCCH, use the same initialization as for DMRS in PUSCH based on CP-OFDM.

· If multi-port DM-RS is supported for 1-symbol NR-PUCCH for more than 2 UCI bits, the following alternatives are considered. 
· Alt 1: DM-RS ports can be multiplexed by CDM (e.g., by using different CS or FD-OCC)
· Intel, LG, Nokia
· Alt 2: DM-RS ports can be multiplexed by FDM
· LG
· Shifted DMRS is not supported for short PUCCH for more than 2 UCI bits.
· E//, Samsung

Further discussion is needed on these issues. However, it seems it is agreeable to use LTE PN sequence generator for DMRS generation. It also appears that views on supporting shifted DMRS are missing.
Therefore, the following is proposed:
Proposal 3-3:
· For short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for DMRS generation.
· Shifted DMRS is not supported for short PUCCH for more than 2 UCI bits.
Multiplexing different PUCCH from the same UE
· Comments:
The following proposals are captured from the companies expressed views and can be considered for potential agreements.
· Summary of the proposals: 
· Only TDM multiplexing of long PUCCH and short PUCCH from the same UE is supported if the simultaneous transmission in a slot is necessary.
· Intel, E//, Samsung
· A short PUCCH occupies the whole PRB within a symbol and is not multiplexed with channels/signals from other UEs on the PRB.
· Intel, E//, Samsung
It is recommended to discuss further the above proposals. 
Simultaneous transmission of multiple UCI
· Comments:
The following proposals are captured from the companies expressed views and can be considered for potential agreements.
Proposal 3-5: 
· Simultaneous transmission of HARQ-ACK bits and SR with PUCCH format 2 is supported.

· SR bit(s) is appended to the end of the UCI payload before encoding when SR occurs in same slot/symbol of PUCCH format 2.
· FFS whether to support simultaneous transmission of multiple positive SRs with HARQ-ACK bits or a single positive SR with HARQ-ACK bits

· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported.
· Separately encode the CSI feedback and the HARQ-ACK bits with and without SR.
Symbol timing of short PUCCH transmission
· Comments:
· Similarly to PUCCH format 0, the transmission of short PUCCH is at least supported in the last two symbols of the slot. However, views where expressed that it is beneficial to allow more opportunities within a slot for short PUCCH transmissions. It has been discussed that would be advantageous for URRLC type of transmissions, for applications when DL and UL operate with different numerology, etc. Based on the views expressed the following is proposed.

The following proposal can be potentially considered for agreement:
· Proposal 3-6:
· In addition to the already agreed short PUCCH resources in the last and second last symbol, additional short PUCCH resources can be configured in other symbols of a slot.
· E//, DCM, Vivo, [Intel]
Support of short-PUCCH over 2 OFDM symbols
Sequence hopping between two symbols
· Comment: 
It was agreed that the sequence hopping between two symbols of short PUCCH up to 2 bits is supported. The details are left to be clarified.
· Summary of proposals
· Alt 1 (HW): For the 2-symbol PUCCH with up to 2 bits, 
· Among different slots, an LTE-like sequence hopping scheme can be used to decide the set of sequences of the first symbol in the slot.
· Within a slot, the sequence hopping scheme can be FFS, e.g., the LTE slot-level sequence hopping scheme can be modified to be for symbol-level sequence hopping.
· AIt 2 (Intel): Cyclic shift value for short PUCCH consists of UE specific and cell specific cyclic shift value. 
· Alt 3 (LG): For 2-symbol NR-PUCCH for up to 2 UCI bits, UCI repetition across 2 symbols by using different cyclic shift values (e.g., cyclic shift offset) and/or base sequences between 2 symbols should be supported for interference randomization.
· Alt 4 (Nokia): In the case of 2-symbol short PUCCH, the cell specific resource hopping is used to provide interference randomization within a slot.
· Alt 5 (Ericsson): For a 2-symbol PUCCH with up to 2 bits, 
· The sequence hopping between two symbols is obtained from the LTE PN sequence generator initialized by an RRC parameter and the index of the PUCCH symbol within the slot.
· Alt 6 (QC): Re-use sequence hopping framework across 2-symbol short-PUCCH and long-PUCCH

There are overlap between different proposals. More discussion is needed this week to merge different views.
Frequency hopping
· Comment: 
On frequency hopping, the majority are on the opinion that it should be configurable. However, there are different views whether non-contiguous PRB should be supported in case of frequency hopping.
· Summary of Proposal
· Alt 1 (Vivo): Distributed PRB allocation shall be supported at least for short PUCCH spans 2 OFDM symbols.
· Alt 2 (LG): For 2-symbol NR-PUCCH for more than 2 UCI bits,
· For contiguous PRB allocation, configurability on frequency hopping is supported.
· For non-contiguous PRB allocation, frequency hopping is not supported.

It seems the following proposal can be potentially agreed.
· Proposal 4-2:
· Frequency resources are configured by higher layers for frequency hopping for 2-symbol short PUCCH. 
· QC, Nokia, LG, Intel, E//, DCM
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