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The purpose of the document is to summarize unsolved key issues of AI 7.3.2.2 “PUCCH structure in long duration” after reviewing the submissions. As the consequence, the main alternatives for each issue are listed as proposed by various companies, suggested proposals/solutions are drafted based on both the technical merits/discussion as well as the sake of making progress. The ultimate goal is to make progress for NR in both offline/online discussion during RAN1 91 meeting. 

On AI 7.3.2.2.1 Long-PUCCH for UCI of up to 2 bits
This AI is focused on the design of NR long PUCCH for UCI of up to 2 bits
Summary of remaining issues
After reviewing the submitted Tdoc, the remaining key issues could be summarized as follows where with RRC impact are indicated
· Frequency hopping boundary of long PUCCH
· Length-6 and length-7 time domain OCC
· Sequence hopping for PUCCH format 1/3/4 (RRC)
· Cyclic shift hopping for PUCCH format 1 (RRC)
· Sequence for UCI of PUCCH format 1
· Confirm WA on the multiplexing capacity of 7-symbol and 11-symbol long PUCCH
· Simultaneous transmission of HARQ-ACK and SR on long PUCCH
· Frequency hopping BW configurability (RRC)

Key issues and proposals
Key issue 1: The Frequency hopping boundary of long PUCCH
In previous meeting, it was agreed to support frequency hopping for long PUCCH, and hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH with no RRC configuration involved in determining the hopping boundary. To determine the frequency hopping boundary, the companies who are interested in this issue are shown below with their proposals.

· Alt1: The duration of first frequency-hop is floor(N/2)
· Since the second frequency-hop may multiplex with short PUCCH and/or SRS, it should be longer than the first hop. More balanced duration of each hop.
· HW, LGE, Nokia, Sharp, Lenovo, Intel, Samsung
· Alt2: The duration of first frequency-hop is ceil(N/2)
· E///, Intel, Samsung
· Alt3: The duration of first frequency-hop is (N/2-1), where mod(N,4)=2; floor(N/2) otherwise
· More balanced DMRS and UCI symbols with number of DMRS symbol(s) being equal to the number of UCI symbol(s) in each hop
· NTT DCM (only for N=6), QC
· Alt4: Other solution
· ZTE  (Floor(Ceiling (N/2)/2) × 2), CATT (floor and ceil for different cases)
There are many rounds of discussion on this issue and companies are aware of there exist pros and cons on each of the alternatives with trade-off among channel estimation improvement, multiplexing capability, flexibility and simplicity etc. Based on the supporting companies of each alternative and common understanding, the following proposal could be considered
Proposal 2-1: 
· For a long PUCCH with duration of N symbol, the frequency hopping boundary should locate at the symbol index of floor(N/2).
· The symbol index starts from 0.

Key issue 2: The Length-6 and length-7 time domain OCC
In previous meeting, it was agreed to support multiplexing capacity of 6 users and 7 users when frequency hopping (FH) is disabled, and the length-6, length-7 OCC code have been not determined yet. The companies who are interested in this issue are shown below with their proposals.
· Alt1: Length-6 and length-7 DFT-based code
· CATT, E///, LGE, Nokia, QC
· Alt2: Length-3 DFT-based code with Walsh spreading for length-6 and DFT based code for length-7
· HW
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-2: 
· For length-6 and length-7 OCC code, the following DFT-based orthogonal code should be used.
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	6
	[0 0 0 0 0 0]
	[0 1 2 3 4 5]
	[0 2 4 0 2 4]
	[0 3 0 3 0 3]
	[0 4 2 0 4 2]
	[0 5 4 3 2 1]
	

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]



Key issue 3: Sequence hopping scheme for PUCCH format 1,3,4
In previous meeting, it was agreed to support sequence hopping for PUCCH format 1, and the details have been not determined yet. The companies who are interested in this issue are shown below with their proposals.
· Alt1: Slot-level sequence hopping as LTE
· HW, CATT, E///, Samsung, Nokia
· Alt2: Symbol-level sequence hopping
· ZTE
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-3: 
· For PUCCH format 1,3,4, the LTE-liked sequence hopping scheme can be reused as shown in the  following




· The pseudo-random sequence  is initiated by a configurable ID with a bit-width of 10 bits  

Key issue 4: Cyclic shift hopping scheme for PUCCH format 1
In previous meeting, a FFS issue is CS hopping for PUCCH format 1. The companies who are interested in this issue are shown below with their proposals.
· Alt1: Symbol-level cyclic shift hopping as in LTE
· HW, CATT, E///, Samsung, ZTE, Nokia
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-4: 
· For PUCCH format 1, symbol-level cyclic shift hopping as in LTE can be reused. 
· FFS: cyclic-shift hopping is explicit indicated by PUCCH resource allocation or implicitly derived as in LTE
· Cyclic shift hopping is a function at least based on a configurable ID

Key issue 5: Sequences for UCI of PUCCH format 1
In previous meeting, a new set of length-12 CGSs has been adopted in NR for format 0 and DMRS of PUCCH format 1. As the new set of length-12 CGS has improved PAPR and cross-correlation property over that in LTE, it could be applied to UCI of format 1 as well.  The companies who are interested in this issue are shown below with their proposals.
· Alt1: Same CGS as DMRS
· HW, CATT, E///, Nokia, NTT DCM
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-5: 
· The same length-12 CGSs as used for DMRS of PUCCH format 1 should be used as the base sequences for UCI of PUCCH format 1.

Key issue 6: Multiplexing capacity of 7-symbol and 11-symbol PUCCH
In previous meeting, multiplexing capacity of 7-symbol PUCCH and 11-symbol PUCCH are agreed as a WA, it need to be confirmed or reversed. The companies who are interested in this issue are shown below with their proposals.
· Alt1: Confirm WA
· HW, CATT, E///, Nokia
· Alt2: Reverse WA
· vivo
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-6: 
· Confirm work assumption:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.

Key issue 7: Simultaneous transmission of HARQ-ACK and SR
When UE needs to transmit HARQ-ACK and SR by PUCCH format 1 simultaneously, how to transmit them need to be decided. The companies who are interested in this issue are shown below with their proposals.
· Alt1: LTE-liked mechanism
· HW, E///, Intel
· Alt2: HARQ-ACK bundling for 2bit HARQ-ACK and SR
· Nokia
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-7: 
· For simultaneous transmission of the SR and the HARQ-ACK using Format 1 is done similarly as LTE PUCCH Format 1a/1b.
· In case of negative SR, the PUCCH Format 1 is transmitted using resources for HARQ-ACK.
· In case of positive SR, the PUCCH Format 1 is transmitted using resources for SR.

Key issue 8: Whether frequency hopping BW is configurable?
In previous meeting, it was agreed to support frequency hopping for long PUCCH, and whether the frequency hopping BW is configurable has been not determined yet. The companies who are interested in this issue are shown below with their proposals.
· Alt1: frequency hopping BW is configurable
· NTT DCM, LGE, Panasonic, Samsung, vivo
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-8: 
· For long PUCCH, when frequency hopping is enabled, frequency hopping BW is configurable


On AI 7.3.2.2.2 Long-PUCCH for UCI of more than 2 bits
This AI is focused on the design of NR long PUCCH for UCI of more than 2 bits
Summary of remaining key issues
After reviewing the submitted Tdoc, the remaining key issues could be summarized as follows
· Determination of value X where number of DMRS is configurable?
· Pre-DFT-OCC code for NR PUCCH format 4
· DMRS structure for PUCCH format 4
· Cyclic shift hopping for PUCCH format 3/4
· DMRS locations
· The need of new length-24 CGS for format 3
· For one RB PUCCH format 3 & 4, if Pi/2 BPSK is configured, which sequences will be used for DMRS?
· For PUCCH format 3 & 4, if Pi/2 BPSK is configured, whether other factors need to be considered in applying Pi/2 BPSK in addition to the configuration?
· Comb =1 and comb = 2 DMRS structure for format 3
· Scrambling for PUCCH format 2, 3 and 4 (RRC)

Key issues and proposals

Key issue 1: Value of X
In previous meeting, it was agreed to when number of symbol of each frequency-hop is more than X, the number of DMRS symbols can be configured, and the value of X has been not determined yet. The companies who are interested in this issue are shown below with their proposals.
· Alt1: X=4
· HW, sharp, QC, Nokia, Intel, CATT
· Alt2: X = 5
· ZTE, vivo, LGE, E///, CATR
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-1: 
· For long PUCCH for UCI of more than 2 bits, the value of X is 4, which means
· When FH is enabled and the number of symbol of each hop is more than 4, the number of DMRS symbols of each hop is configured between 1 and 2.
· When FH is disabled and the number of symbol of long PUCCH is more than 9 (2X+1), the number of DMRS symbols of long PUCCH is configured between 2 and 4.

Key issue 2: Pre-DFT-OCC code for NR PUCCH format 4
In previous meeting, it was agreed to support multiplexing capacity of 2 users and 4 users for PUCCH format 4, and the Pre-DFT-OCC code have been not determined yet. The companies who are interested in this issue are shown below with their proposals.
· Alt1: DFT based OCC code
· HW, ZTE, QC, Nokia, E///, CATT
· Alt2: Walsh code
· Samsung, LGE, Intel
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-2: 
The OCCs for PUCCH format 4 are supported as shown in the following table.
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Key issue 3: DMRS structure for NR PUCCH format 4
In previous meeting, it was agreed to support multiplexing capacity of 2 users and 4 users for PUCCH format 4, and the DMRS structure has been not determined yet. The companies who are interested in this issue are shown below with their proposals.
· Alt1: IFDM
· vivo
· Alt2: CDM (by cyclic shift)
· HW, ZTE, Samsung, QC, Lenovo, Intel, CATT
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-3: 
· For PUCCH format 4, the DMRS sequence is a CGS with length-12 and is mapped contiguously to all REs in one resource block.

Key issue 4: Cyclic shift hopping scheme for DMRS of PUCCH format 3/4
In previous meeting, a FFS issue is CS hopping for PUCCH format 3/4. The companies who are interested in this issue are shown below with their proposals.
· Alt1: Reusing cyclic shift hopping mechanism for same as design of LTE PUCCH format 4 and format 5.
· HW
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-4: 
· For NR PUCCH format 3 and format 4, cyclic shift hopping scheme for DMRS is the same as that of LTE PUCCH format 4 and format 5.

Key issue 5: For a frequency-hop with N symbols or a long PUCCH with N symbols, when N is even and number of DMRS is 1, the location of DMRS symbol
In previous meeting, a frequency-hop with N symbols or a long PUCCH with N symbols will have 1 DMRS symbol, and the location of DMRS symbol has been not determined yet. The companies who are interested in this issue are shown below with their proposals.
· Alt1: DMRS symbol locates at Symbol index (N/2 - 1)
· Sharp, Nokia, LGE, Lenovo
· Alt2: DMRS symbol locates at Symbol index (N/2)
· HW
· Alt3: DMRS symbol locates at Symbol index (N/2 - 1) and (N/2) for different cases
· CATT
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-5: 
· For a long PUCCH with frequency hopping enabled and there is 1 DMRS symbol in a hop of N symbols,
· If N is an even number, 
· FFS: the DMRS symbol is located at symbol index (N/2) or  (N/2-1)
· For a long PUCCH with frequency hopping disabled and there is 1 DMRS symbol in long PUCCH of N symbols,
· If N is an even number, 
· FFS: the DMRS symbol is located at symbol index (N/2) or  (N/2-1)
· The starting index is from 0

Key issue 6: The need of new length-24 CGS for format 3
In previous meeting, a set of new length-12 CGS has been adopted with improved performances over those of LTE.. One remaining issue is whether length-24 CGSs in LTE also needs to be updated in NR for PUCCH format 3. The companies who are interested in this issue are shown below with their proposals.
· Alt1: Support new length-24 CGS
· QC, HW
Some discussion could be conducted on whether to adopt new set of length-24 CGS in NR
Proposal 3-6: 
· Study the need of introducing new length-24 CGSs in NR for PUCCH format 3

Key issue 7: For PUCCH format 3 & 4, if  Pi/2 BPSK is configured, which sequences will be used for DMRS?
During the email discussion after the last meeting, it was agreed to adopt Pi/2 BPSK as configurable modulation for long PUCCH for UCI of more than 2 bits, the remaining issue is whether a Pi/2 BPSK sequence is needed as DMRS for such modulation. The companies who are interested in this issue are shown below with their proposals.
· Alt1: For one RB: reuse sequences agreed in 90b; multiple RBs: depends on DMRS sequences for PUSCH
· Nokia, HW
· Alt2: Using 1/2 PI BPSK sequence
· AT&T, IDC
Based on the supporting companies of each alternative and considering that in past meeting, there is already an agreement to adopt a new set of CGS as DMRS for format 3 and 4, the following proposal could be considered
Proposal 3-7: 
· For PUCCH format 3 & 4, if 1/2 PI BPSK is configured,
· For one RB: reuse sequences agreed in RAN1 90b;
· For multiple RBs: reuse  the DMRS sequences adopted for PUSCH

Key issue 8: For PUCCH format 3 & 4, if Pi/2 BPSK is configured, whether other factors need to be considered in applying Pi/2 BPSK in addition to the configuration?
In email discussion after the last meeting, an issue was discussed when considering the adoption of Pi/2 BPSK as additional modulation for format 3 and 4: whether other factors need to be considered in applying Pi/2 BPSK in addition to the configuration. In the submitted proposals, two alternatives are noticed as following
· Alt1: When coding rate is low enough and 1/2 PI BPSK is configured, 1/2 PI BPSK is used, otherwise, QPSK
· Alt2: If 1/2 PI BPSK is configured, UE should be not used QPSK modulation
Consider the simplicity and avoid ambiguity between gNB and UE, the following proposal could be considered
Proposal 3-8: 
· For PUCCH format 3&4, if 1/2 PI BPSK is configured, UE should only use Pi/2 BPSK modulation

Key issue 9: For PUCCH format 3, if number of PRB is more than 1 RB, whether combed structure of DMRS should be used?
So far, for DMRS of PUSCH with DFT-s-OFDM waveform, only comb =2 is agreed. In the previous meeting, it is agreed that DMRS of PUCCH format 3 with more than 1 RB will reuse the DMRS sequence for PUSCH, whether comb = 2 is inherited from PUSCH is not clear.  Therefore, the following proposal needs to be considered
Proposal 3-9: 
· For PUCCH format 3,  whether to use comb=1 or comb =2 DMRS structure needs to be clarified

Key issue 10: Scrambling for format 2, 3 and 4
In past meeting, it was agreed that LTE PN sequence generator is used for scrambling the encoded UCI bits for long PUCCH for UCI of more than 2bits. In NR, PN sequence can be initialized as following 

  is UE RNTI and is a configurable ID and  is the slot index.  Therefore, the following propose can be considered
Proposal 3-10: 
· For PUCCH format 2, 3 and 4, the LTE PN sequence generator is used for scrambling of the encoded bits which can be initialized as following 

  is UE RNTI and is a configurable ID and  is the slot index.  

On AI 7.3.2.2.3 Support of long-PUCCH over multiple slots
Summary of remaining key issues
After reviewing the submitted Tdoc, the remaining key issues could be summarized as follows
· The number of slots
· The allocation of slots
· The starting symbol of long PUCCH in each slot
· Inter-slot hopping pattern
· Intra-slot hopping pattern
· The PUCCH frequency resource of long PUCCH in each slot
Some other remaining issues are
· Whether to support different duration for Long PUCCH over multiple slots
· Indicate the staring slot
· Whether an ongoing PUCCH repetition can be interrupted or reconfigured or not

Key issues and proposals
Key issue 1: The number of slots of long-PUCCH over multiple slots
In last RAN1 meeting, it was agreed to have up to 4 values on number of slots configured by RRC for long PUCCH over multiple slots. The companies who consider this issue are shown with their proposed values below from the submitted contributions.
· Alt1: Fixed values for all cases (e.g., 1, 2, 4, 8 or 1, 2, 4, 6 or 2, 4, 6, 8)
· Alt1 is simple to implement and include the single slot case (therefore, no need to separately enable PUCCH with multiple slot)
· Proposing companies:  Ericsson, Nokia, vivo, ZTE
· Alt2: The values from 2 to 32 are separately configured for each long PUCCH format
· The benefit of configuring 4 values from such wide range of values is unclear 
· Proposing companies:  Samsung
· Alt3: The values among 1, 2, 4, 8, 16 and 32 are defined per numerology in spec
· Alt3 may bring benefit but can be an implementation issue.
· Proposing companies:  CATT
· Alt4: The values are derived from a reference number of slots, reference subcarrier spacing and different long PUCCH duration
· Alt4 has some benefits to decide the number of slots based on different subcarrier spacing and different long PUCCH duration. But it also can be an implemented issue.
· Proposing companies:  LG

Based on the supporting companies of each alternative and their motivations, the following proposal could be considered
Proposal 4-1: 
· For long PUCCH over multiple slots, up to [4] values of number of slots are configured by RRC
· The detail 4 values are selected from [1, 2, 4, 6, 8, 16, 32]

Key issue 2: The allocation of slots of long-PUCCH over multiple slots
The duration of starting  slot of a long PUCCH over multiple slots is indicated by PUCCH resource allocation the same as single slot and the duration of long PUCCH in subsequent slot is the same as the first slot as agreed in the last RAN1 meeting. For the allocation of slots, the starting slot is determined as similar as the single-slot case. For the subsequent slots, the companies who are interested are shown below with their proposals.
· Alt1: Implicitly manner:
· No need of additional signaling
1) FDD: consecutive slots & TDD: consecutive UL slots
· Need the same SFI or enough UL symbols for each slot
· Ericsson, Intel
2) Non-consecutive slots: based on some principles to skip some slot, e.g., number of UL symbol in a slot
· Allow different SFIs for each slot. SFI scheduling can be more flexible
· Huawei, Sharp, vivo, ZTE
· Alt2: Explicitly manner:
· Need additional signaling, but have some flexibility
1) Configured by high layer using bitmap or slot interval
· Samsung, LG
2) Indicated by DCI and preconfigured by RRC using bitmap or slot interval
· LG

Therefore, the following proposal could be considered
Proposal 4-2: 
· For long PUCCH over multiple slots, once the starting slot and the duration of long PUCCH in each slot is determined, the subsequent slots are consecutive UL slots excluding those slots not containing enough uplink symbols as indicated by PUCCH resource allocation.
· FFS: explicit manner to indicate the subsequent slots

Key issue 3: The starting symbol of long PUCCH in each slot
In the last meeting, it has been agreed the duration of long PUCCH in each slot is the same. The starting symbol of long PUCCH in the starting slot can be determined as similar as the single-slot case. For the starting symbol of long PUCCH in each subsequent slot, the companies who are interested are shown below with their proposals.
· Alt1: The same starting position in each slot
· Alt1 restricts the SFI scheduling, e.g., same SFI for each slot
· Ericsson, CATT, Nokia
· Alt2: Except the starting slot, the starting symbol of long PUCCH is determined by dynamic SFI or semi-static slot format, e.g., the starting symbol of long PUCCH is the first symbol of UL symbol in each slot
· The benefit of Alt2 can allow different SFIs for each slot. SFI scheduling can be more flexible than Alt1.
· Huawei, ETRI, ZTE
· Alt3: Different starting position by configured in each slot
· Alt3 needs additional signaling than Alt1 and Alt2.
· CATT

Therefore, the following proposal could be considered
Proposal 4-3: 
For long PUCCH over multiple slot
· The starting symbol of long PUCCH in the starting slot is indicated by PUCCH resource allocation
· The starting symbol of long PUCCH in subsequent slots is down-selected from the following two alternatives
· Alt1: the same as the starting position in the starting slot.
· Alt2: the first symbol of UL symbol in each subsequent slot.

Key issue 4: Inter-slot frequency hopping pattern for long PUCCH over multiple slots
During discussion in the last meeting, there are two alternatives for inter-slot frequency hopping pattern. The companies who are interested the issue are shown below with their proposals. 
· Alt1: Inter slot FH is only one hop in the middle of multiple slots
· The benefit of Alt1 is to improve channel estimation accuracy. However, there are some ambiguity on determining the hopping boundary. 
· Ericsson, NTT DC, Samsung, Intel, OPPO
· Alt2: Inter slot FH is performed at every M slot(s), where M can be 1
· The benefit of Alt2 is to improve frequency diversity gain and it is also simple to implement
· Huawei, Sharp, Nokia, LG, vivo, AT&T, Panasonic (M can be more than 1), QC (Configured by different RBs for different slots)
Therefore, the following proposal could be considered
Proposal 4-4: 
· For long PUCCH over multiple slots, two alternatives below can be down-selected
· Inter slot hopping is performed with one hop in the middle of multiple slots
· Inter-slot hopping is performed at every slot.

Key issue 5: Intra-slot frequency hopping pattern for long PUCCH over multiple slots
The companies who are interested the issue are shown below with their proposals. 
· Alt1: Intra-slot hopping is performed on the same resource and the pattern is the same per each slot
· Alt1 is a simple way on the implementation
· Ericsson, OPPO, ZTE
· Alt2: Intra-slot hopping pattern can be different per each slot, e.g., intra-slot hopping is performed on the same resource and the pattern can be switched between 1st hop and 2nd hop at every slot
· The benefit of Alt2 is to improve frequency diversity than Alt1
· Huawei, AT&T

To accommodate both features, the following proposal could be considered
Proposal 4-5: 
· For long PUCCH over multiple slots, 
· Intra-slot hopping is performed on the same frequency resources at each slot.
· Intra-slot hopping pattern is down-selected from the following two alternatives:
· Alt1: hopping pattern is the same for each slot.
· Alt2: hopping pattern is switched between 1st hop and 2nd hop among each slot.

Key issue 6: The PUCCH frequency resource of long PUCCH in each slot
The companies who are interested the issue are shown below with their proposals. 
· Alt1: The frequency resource is the same in each slot, i.e.,
· if the intra-slot FH is enabled, the frequency resource is the same as configured frequency resource for the first slot; 
· if the inter-slot FH is enabled, the frequency resources of the 1st hop and 2nd hop are the same as the configured frequency resource of the 1st hop and 2nd hop for intra-slot FH

· Alt1 is a simple way on the implementation
· Ericsson, CATT, Nokia, vivo, NTT DC, Huawei

· Alt2: PUCCH resource is configured separately for different slot
· Alt2 need additional signalling than Alt1, but more flexibility
· QC, ETRI

· Alt3: If there is a PDCCH to decide PUCCH resource for the first slot, a PUCCH resource in the additional slots except the first slot can be configured by higher layer signaling. Otherwise, the same resource in each slot
· Samsung

Considering the supporting companies and other factors, the following proposal could be considered
Proposal 4-6: 
· For long PUCCH over multiple slots, the frequency resource used to carry long PUCCH is the same in each slot
· If the intra-slot FH is enabled, the frequency resource is the same as configured frequency resource for the first slot; 
· if the inter-slot FH is enabled, the frequency resources of the 1st hop and 2nd hop are the same as the configured frequency resource of the 1st hop and 2nd hop for intra-slot FH
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AI 7.3.2.2.1 Long-PUCCH for UCI of up to 2 bits
Agreements:
· For long PUCCH for UCI of up to 2 bits and long PUCCH for UCI of more than 2 bits: for duration of 4-14 symbols, frequency-hopping is enabled/disabled by RRC UE-specifically
Working assumption:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.

Agreements:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is disabled, OCC multiplexing capacity of 2,3,4,5,6,7 are supported.
· For each duration of long PUCCH for UCI of up to 2 bits, there is only one OCC multiplexing capacity
Agreements:
· OCC multiplexing capacity for each long PUCCH duration for long-PUCCH for UCI of up to 2 bits is given as follows:
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping

	4
	1
	2

	5
	1
	2

	6
	1
	3

	7
	[1]
	3

	8
	2
	4

	9
	2
	4

	10
	2
	5

	11
	[2]  
	5

	12
	3
	6

	13
	3
	6

	14
	3
	7


 
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

Agreements:
· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH
· No RRC configuration is involved in determining the hopping boundary

Agreements:
· For long PUCCH, reuse LTE OCC code for OCC length =2,3,4,5
· FFS OCC code for OCC length =6,7
· Note: For long PUCCH for UCI of up to 2 bits,  
· If FH is enabled, support OCC length on DMRS  = number of DMRS symbol in each hop, support OCC length on UCI  = number of UCI symbol in each hop
If FH is disabled, support OCC length on DMRS  = number of DMRS symbol in the long PUCCH, support OCC length on UCI  = number of UCI symbol in the long PUCCH

AI 7.3.2.2.2 Long-PUCCH for UCI of more than 2 bits
Agreements:
· For long PUCCH for UCI of more than 2 bits 
· Reuse DMRS sequences of DFT-S-OFDM PUSCH if it occupies more than one PRB
Agreements:
· For the case of length-12 sequences, the same set of sequences are used for at least for the following:
· DM-RS for long PUCCH for UCI of up to 2 bits, 
· DM-RS for long PUCCH for UCI of more than 2 bits, 
· DM-RS for long-PUCCH over multiple slots, 
· DM-RS for DFT-S-OFDM PUSCH with modulation order higher than BPSK
· FFS other cases (e.g., short PUCCH for UCI of up to 2 bits, data symbols for long PUCCH, etc.)
Agreements:
· For long-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits 
· Note: can be revisited if new Gold sequences are introduced

Agreements:
· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 
· FFS:  DMRS structure between CDM and IFDM
· Considering the impact on channel estimation and power imbalance among UEs
· It will be denoted as a new format 
· Support multiplexing capacity of 2 and 4 users for long PUCCH for UCI of more than 2 bits with moderate payload using one PRB in Rel-15
· FFS design of OCC
· No RRC signalling is necessary 

Agreements:
· For long PUCCH for UCI of more than 2 bits
· If frequency hopping is enabled, the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH duration per hop > X is configurable by RRC UE-specifically
· RRC Bit-width is 1 bit
· X is fixed in the spec w/o RRC impact
· FFS the value X
· The location of DMRS is pre-defined within long PUCCH in each hop based on number of DMRS per hop and duration of the hop.

Update after email approval:
Agreements:
For long PUCCH for UCI of more than 2 bits, if frequency hopping is disabled,
· The number of DMRS symbols is  1 for long PUCCH duration <= X
· The number of DMRS symbols is 2 for long PUCCH duration >X  and <= 2X+1
· The number of DMRS symbols (either 2 or 4 symbols)  for the long PUCCH with a duration  >2X+1  is configurable by RRC UE-specific signaling
· RRC Bit-width is 1 bit (reuse the same RRC for long PUCCH with enabled frequency hopping)
· X is fixed in the spec w/o RRC impact and is the same as specified for long PUCCH with enabled frequency hopping
· Note: As agreed, if frequency hopping is enabled, the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH with duration per hop > X symbols is configurable by RRC UE-specific signaling
Agreements:
For long PUCCH for UCI of more than 2 bits
· For a long PUCCH with duration > X,  the DMRS location within the long PUCCH with frequency hopping disabled, is the same as the DMRS location within long PUCCH (of the same duration) with frequency hopping enabled. 
· For a long PUCCH with duration <=X,  the DMRS location within the long PUCCH with frequency hopping disabled is located in (near) the middle of the long PUCCH. 
· FFS exact locations
· For a long PUCCH with frequency hopping enabled,
· If there is 1 DMRS symbol in a hop, the DMRS symbol is located in (near) the middle of the hop.
· FFS exact locations
· If there is 2 DMRS symbols in a hop, the first DMRS is in the second symbol of the hop and the second DMRS symbol is in the penultimate symbol of the hop
Agreements:
For long PUCCH for UCI of more than 2 bits with enabled frequency hopping, 
· the number of DMRS symbols per hop is 1 for long PUCCH with duration of at least one hop <= X symbols 
· the number of DMRS symbols (between 1-2 symbol) per hop for long PUCCH with duration of both hops > X symbols is configurable by RRC UE-specific signaling
· Down select between X=4 and 5 


Update after email approval:
Agreements:
For long PUCCH for UCI of more than 2 bits 
· Confirm the working assumption
· The symbols carrying UCI are formed as follows: 
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH
· Pi/2 BPSK can be supported in addition to QPSK as a user-specific configurable modulation scheme for UCI
FFS whether other factors need to be considered in applying Pi/2 BPSK in addition to the configuration

AI 7.3.2.2.3 Support of long-PUCCH over multiple slots
Agreements:
· UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots

Agreements:
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots

Agreements:
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE

· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot
· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot

Agreements:
· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner
Up to 4 possible RRC configured numbers, detailed values FFS
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