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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 desire is to make progress for NR in both offline/online discussion. 
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
· Frequency hopping (FH) boundary if enabled
· Configurability of FH
· Time domain OCC (multiplexing capability, OCC length, OCC code)
Some other remaining issues are
· DMRS design (locations, sequences)
· Sequence hopping
· Multiplexing of ACK/NACK and SR

Key issues and proposals
Key issue 1: Frequency hopping boundary for a long PUCCH with N-symbol
This issue was discussed at past RAN1 NR AH3 meeting. In this meeting, the submitted proposals could be summarized as follows, which are quite aligned with those submitted before. The main considerations include the channel estimation performance, alignment on hopping points etc. 
· Alt 1: The first hop part including Floor (N/2) symbols, the next hop part including N-floor(N/2) symbols
· Ericsson, Huawei, Panasonic (also support ceiling), LGE, CATT, Samsung, Intel (also support ceiling)
· Alt 2: N/2-1 where mod(N,4)=2; floor(N/2) otherwise
· QC, Samsung (for N=6)
· Alt 3: Floor(Ceil(N/2)/2)*2
· ZTE
· Alt 4: Depend on the location of the first symbol in long PUCCH
· Nokia, 
· Configurable by gNB
· Panasonic
Based on the discussion in Tdoc, it is observed that channel estimation may not impose a serious performance degradation even with unbalanced DMRS in each hop, the hopping point alignments could be achieved by gNB configuration. Certainly, if needed, a note as follows could be included in the meeting report to address the concerns
· Note: The gNB shall guarantee the FH boundary of long PUCCH(s) multiplexed in the same slot and same PRB aligned in time
To move forward, the following proposal is recommended
Proposal 2-1: 
· If frequency hopping is enabled, the first hop contains the first floor(N/2) symbols and 2nd hop contains the rest of N-floor(N/2) symbols for a long PUCCH for UCI of up to 2 bits with N symbols

Key issue 2: Configurability of frequency hopping
From earlier agreement reached in RAN1 90 meeting, FH is supported but could be configured. For certain PUCCH duration, FFS if it could be enabled all the time. To finalize the configurability of FH for long PUCCH, following two alternatives are proposed

· Alt 1: FH can be configurable for long PUCCH with 4-14 symbol duration
· Huawei, AT&T, ZTE, NTT DCM, CATT, Samsung, Intel
· Alt 2:  FH can only be configurable for long PUCCH with 4-7 symbol duration
· Ericsson, LGE
Considering the supporting companies for each alternative, it is proposed
Proposal 2-2:
· For long PUCCH with duration of 4-14 symbols, frequency-hopping is enabled/disabled by RRC


Key issue 3: Time domain OCC multiplexing capacity

In RAN1 NR AH3 meeting, OCC multiplexing capacity were discussed and concluded for long PUCCH w/ FH, and FFS different values for long PUCCH w/ FH of 7 and 11 symbols, as well as for long PUCCH w/o FH.  In this meeting, the proposals on these aspects could be summarized into several alternatives

If frequency hopping is enabled
· Alt 1: OCC multiplexing capacity is 1 for 7-symbol long PUCCH, and 2 for 11-symbol long PUCCH;
· Ericsson, Huawei, Nokia, NTT DCM, CATT, Intel
· Alt 2: OCC multiplexing capacity is 2 for 7-symbol long PUCCH, and 3 for 11-symbol long PUCCH;
· LGE
If frequency hopping is disabled, 
· Alt 1: Configurable 
· Huawei
· Alt 2: Multiplexing capacity is 2 for 4-5 symbol; and 3 for 6-7 symbol
· Ericsson, LGE

So based on the proposed companies and the discussion, the following proposals could be considered
Proposal 2-3:
· If frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.
· If frequency hopping is disabled, at least OCC multiplexing capacity of 2 and 3 are supported.

Key issue 4: Time domain OCC length and OCC codes

The OCC multiplexing capacity is the maximum multiplexing capacity achieved by OCC in time domain. It does not necessarily mean the OCC length used or the multiplexing capacity of DMRS and UCI. The remaining issue is then what shall be the OCC length and OCC codes used. For this aspect, the following proposals from CATT (R1-1717828) seems reasonable and could be considered:

Proposal 2-4:
· For long PUCCH,  support max OCC length to maximize OCC multiplexing capacity regardless if FH is enabled and disabled, support the following OCC length

	Long-PUCCH duration N
	with frequency hopping
	without frequency hopping

	
	OCC length for the 1st hop
	OCC length for the 2rd hop
	OCC length for RS
	OCC length for UCI

	
	For RS
	For UCI
	For RS
	For UCI
	
	

	4
	1
	1
	1
	1
	2
	2

	5
	1
	1
	1
	1
	3
	2

	6
	1
	1
	1
	1
	3
	3

	7
	1
	1
	1
	1
	4
	3

	8
	2
	2
	2
	2
	Same as FH
	Same as FH

	9
	2
	2
	3
	2
	Same as FH
	Same as FH

	10
	3
	2
	2
	3
	Same as FH
	Same as FH

	11
	3
	2
	3
	3
	Same as FH
	Same as FH

	12
	3
	3
	3
	3
	Same as FH
	Same as FH

	13
	3
	3
	4
	3
	Same as FH
	Same as FH

	14
	4
	3
	3
	4
	Same as FH
	Same as FH



· Reuse LTE OCC code for OCC length =2,3,4

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
· Frequency hopping (FH) boundary if enabled
· DMRS sequences
· Scrambling
· UCI structure for moderate payload
· Multiplexing capacity of moderate payload
· Number of DMRS symbols for long PUCCH for large payload
Some other remaining issues are
· DMRS structure for moderate payload
· OCC code for UCI structure (if Alt 2 pre-DFT-OCC structure is adopted for moderate payload)
Key issues and proposals
Key issue 1: Frequency hopping boundary for a long PUCCH with N-symbol
This issue is less controversy for long PUCCH for UCI of more than 2 bits as compared with for UCI of up to 2 bits as there are fewer DMRS symbols in each hop. Majority companies share similar view that the hopping boundary shall be around the middle of the long PUCCH
· Alt 1: The first hop part including Floor (N/2) symbols, the next hop part including N-floor(N/2) symbols
· Huawei, LGE (floor), ERICSSON, Nokia, NTT DCM, CATT, Intel (middle of long PUCCH)
So the following proposal could be considered
Proposal 3-1: 
· If frequency hopping is enabled, the first hop contains the first floor(N/2) symbols and 2nd hop contains the rest of N-floor(N/2) symbols for a long PUCCH for UCI of more than 2 bits with N symbols

Key issue 2: DMRS sequences
For DMS sequences, a number of companies propose to reuse the design of long PUCCH for UCI of up to 2 bits 
· Ericsson, Huawei
Nokia propose to use the same sequences as DFT-S-OFDM PUSCH
So the following proposal could be considered 
Proposal 3-2: 
· For long PUCCH for UCI of more than 2 bits 
· Reuse DMRS sequences of long PUCCH for UCI of up to 2 bits if it occupies one PRB,
· Reuse DMRS sequences of DFT-S-OFDM PUSCH if it occupies more than one PRB

Key issue 3: Scrambling
A simple and straightforward approach is to reuse the design in LTE for bit-level scrambling for long PUCCH which will lead to the following proposal
Proposal 3-3: 
· Reuse LTE design of bit-level scrambling for long PUCCH for UCI of more than 2 bits

Key issue 4: UCI structure for moderate payload
In RAN1 NR AH3 meeting, it concludes to aim down-selection between Alt 2 and 3 for UCI structure for moderate payload.  Even though the structures of these two alternatives looks different, they are functionally quite similar. From the submitted proposals, companies are split in favor of each alternative
· Alt 2: Based on Pre-DFT-OCC (10 companies)
· QC, Huawei, Sharp, Nokia, CATT, Panasonic, NTT DCM, LGE, Intel, Ericsson
· Alt 3: Based on FDM with PRB (7 companies)
· Ericsson, CATR, Panasonic, Samsung, ZTE, vivo, Intel
Considering Alt 2 (pre-DFT-OCC) was adopted in LTE as format 5, to move forward, it is proposed to support this alternative for long PUCCH for moderate payload
Proposal 3-4: 
· Support Pre-DFT-OCC as the UCI structure for long PUCCH with moderate payload

Key issue 5: Multiplexing capacity of moderate payload
There are two alternatives for this issue
· Alt 1: 2 users for R-15
· Alt 2: 2 and 4 users for R-15
As multiplexing capacity for format 5 in Rel-15 is 2, it is proposed to consider the following for Rel-15
Proposal 3-5: 
· Support at least multiplexing capacity of 2 users for long PUCCH with moderate payload in  R-15

Key issue 6: Number of DMRS symbols for long PUCCH for large payload
This issue was discussed at the RAN1 NR AH3 meeting but no agreement can be reached. Companies are still split among a number of alternatives for this meeting
· Alt 1: Configurable number of DMRS symbols (6 companies)
· Huawei, Sharp, AT&T, Lenovo, CATT, Samsung
· Alt 2: X = 6 (No of PUCCH symbol <6, 1 DMRS symbol; No of PUCCH symbol >=6, 2 DMRS symbol) (5 companies)
· Ericsson, Panasonic, NTT DCM, LGE, Intel
· Alt 3: X = 5 (No of PUCCH symbol <5, 1 DMRS symbol; No of PUCCH symbol >=5, 2 DMRS symbol) (2 companies)
· QC, Panasonic
· [bookmark: _GoBack]Alt 4: 1 DMRS symbol per hop w/ FH, 2 DMRS symbol per hop w/o FH
· Panasonic (Also support X=5)
· Alt 5: For 13-symbol and 14-symbol long PUCCH, 2 DMRSs on each frequency-hop; otherwise 1 DMRS on each frequency-hop
· ZTE
· Alt 6: Depends on payload size, and X
· Vivo
· Alt 7: 1 DMRS per frequency hop if number of symbols per hop is less than [5] symbols, else , support configurable number of DMRS symbols (1 or 2 DMRS symbols) per hop.
· Nokia
As it seems not easy to decide on one alternative, it is proposed to down select between the following two alternatives based on the number of supporting companies
Proposal 3-6: 
· Down-selection between the following two alternatives on number of DMRS symbols per hop for long PUCCH with large payload
· Alt 1: Support configurable number of DMRS symbols per hop
· Alt 2: Support X = 6, if No of PUCCH symbol per hop<6, 1 DMRS symbol per hop; if No of PUCCH symbol per hop>=6, 2 DMRS symbol per hop) 

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
· Whether the duration of each slot is the same or different
· UCI transmission in each slot for more than 2 bits
· Intra-slot hopping and inter-slot hopping
Some other remaining issues are
· How to determine the resource for long PUCCH over multiple slots, including time and frequency resource
· The number of slots
· The allocation of slots
· The number of symbols per slot and the start position
· The frequency resource per slot

Key issue 1: Whether the duration of each slot is the same or different
In RAN1 NR AH3 meeting, it was agreed to down-select among the following alternatives for long PUCCH over multiple slots. The companies who are in favor of each alternative are shown below from the submitted proposals
· Alt1: The duration of long PUCCH in each slot is the same
· Intel, Samsung, CATT, LGE, Ericsson, MTK, vivo, ZTE, NTT DOCOMO, AT&T, Sharp, QC
· Alt2: The duration(s) of long PUCCH in each slot could be different
· Huawei, ETRI, Panasonic, Nokia, Sharp

Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 4-1: 
· For long PUCCH over multiple slots, the duration of long PUCCH in each slot is the same.

Key issue 2: UCI transmission for more than 2 bits in multiple slots
For long PUCCH with more than 2 bits over multiple slots, most companies support UCI bits are repeated in each slot.
· Supporting companies: CATT, ETRI, LGE, Huawei, Intel, MTK, QC
Therefore, the following proposal could be considered
Proposal 4-2: 
· For long PUCCH with more than 2 bits over multiple slots, UCI bits are repeated in each slot.

Key issue 3: Intra-slot hopping vs inter-slot hopping for long PUCCH over multiple slots
Both intra-slot hopping and inter-slot hopping are supported by many companies for long PUCCH over multiple slots. 
· Intra-slot hopping
· Huawei, vivo (with pattern hopping between slots to guarantee the RF retuning time), Intel, Sharp, NTT DOCOMO (should be configurable), Nokia, Ericsson
· Inter-slot hopping
· Huawei, Intel (1 hop at the middle of number of slots configured by higher layers), LGE (no intra-slot hopping), Sharp, Panasonic (Disable intra-slot hopping), ZTE (if intra-slot hopping is disabled), Spreadtrum Communications (at most 1 hop), Samsung (1 hop at the middle of number of slots), CATT(when intra-slot hopping is disabled), vivo, NTT DOCOMO(should be configurable)

To accommodate both features, the following proposal could be considered
Proposal 4-3: 
· For long PUCCH over multiple slots, inter-slot hopping is supported
· For long PUCCH over multiple slots, both inter-slot hopping and intra-slot hopping are configurable.
· The intra-slot hopping and inter-slot hopping are not enabled at the same time
· For inter-slot hopping
· Only one hop is supported for a long PUCCH
· The frequency hopping boundary is at the middle of N slots and can be down-selected between the following
· Floor (N/2) 
· Ceiling (N/2) 
· FFS hopping patterns for both intra-slot and inter-slot hopping
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