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Introduction
In the RAN1 meeting#89, the following agreements were made with respect to the design and structure of long PUCCH:
	Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop
Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats.

Agreements:
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.
· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths
· The certain bandwidth is maximum UE transmission bandwidth capability.




This contribution aims at summarizing the views on the design of long PUCCH based on the email discussion [89-21] as agreed:
[89-21] Sorour (Ericsson)
Long-PUCCH for NR
•      Email discussion for collecting companies views on the following until 27th June
–     Detailed long-PUCCH structure(s) for a given slot taking into account various number (4 – 14) of OFDM symbols and multiple PUCCH formats, and various number of UCI bits, especially regarding to:
•      DMRS location(s)
•      Frequency-hopping boundary(ies) in time-domain
Discussion
Assume the following three formats where for convenience are referred to as Formats X, Y, Z:
· Format X: PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· Format Y: PUCCH format for UCI with large payload with no multiplexing capacity
· Format Z: PUCCH format for UCI with moderate payload with some multiplexing capacity
Note that Formats X and Y are supported while Format Z is FFS and per agreement, it can be a new format or a variation of the other formats.
The following questions are intended to address the open issues. Please provide your view on the following questions:


	Set A questions

	A. For Format X, i.e. PUCCH format for UCI with up to 2 bits with high multiplexing capacity:
a. What is the structure of data symbols (i.e. symbols carrying UCI)?
b. What is the structure of the DMRS symbols?
c. For a given duration of long PUCCH, how data symbols and DMRS symbols are positioned with respect to each other in time domain?
d. Is frequency hopping supported?
e. In case of frequency hopping, how many hops are supported for a given duration of long PUCCH?
f. In case of frequency hopping, what is the position of a hop?
g. What is the multi-user capacity for a given duration of long PUCCH?
h. Is the multi-user capacity changed in case of frequency hopping?

	Company
	Response

	Panasonic
	a. UCI symbols are composed of a sequence (such as CAZAC sequence) in one symbol which is multiplied by BPSK or QPSK modulated symbol according to UCI payload.
b. RS symbols are also composed of a sequence (such as CAZAC sequence) in one symbol.
c. On data symbols and DMRS symbols position, UE processing time relaxation, transient period around the intra-frequency hopping, and RS position alignment amongdifferent durations should be considered. If RS is located in the first symbol, the processing time relaxation for UE is allowed.Therefore, RS is always located in the first symbol would be one possible design criteria If transient period is created around intra-frequency hopping boundary and the impact of transient period is large, the location of RS would also be further considered. For example, it might be better that the symbol either before or after frequency hopping is UCI in order to avoid transient period impact to RS. Whether transient period is always before the hop or always after the hop is better is FFS. If RS positions for different durations are aligned, the implementation complexity could be reduced.Following two examples of how data symbols and DMRS symbols are positioned are shown in our contribution (R1-171932).
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d. Yes. But enabling and disabling intra-slot frequency hopping should also be supported.
e. One hop for a given duration of long PUCCH within a slot is sufficient.. For multiple slot operation, the number of inter-slot hops is FFS.
f. The position of a hop is around the middle oflong PUCCH within a slot. Almost the same number of symbols between before hop and after the hop is better. In addition, intra-slot frequency hopping boundary and OCC multiplexing capacity capability might be better to be aligned.
g. For 4 to 7 symbol durations, multiplexing capacity within a PRB is 12. For 5 to 8 symbol durations, multiplexing capacity within a PRB is 24 by time-domain OCC with 2 multiplexing. For 12 to 14 symbol durations, 36 multiplexing capacity within a PRB is 36 by time-domain OCC with 3 multiplexing.
h. Our response to Question g assumes in case of frequency hopping. If frequency hopping is not applied, multiplexing capacity can be increased by more time-domain OCC multiplexing.

	Qualcomm
	a. 1 bit is encoded via repetition code. 2 bits are encoded via simplex code. Encoded bits are modulated byBPSK/QPSK. One modulated symbol is mapped to one data symbol carrying UCI and transmitted by a length-12 sequence. UE multiplexing is achieved by multiplexing sequence with different cyclic shifts. No time domain OCC cross symbols because the duration of long PUCCH can be from 4 to 14 anyway. Time domain OCC does not make much sense.
b. DMRS is a length-12 low PAPR sequence with sequence hopping in time domain over available DMRS symbols. UE multiplexing is achieved by multiplexing of sequence with different cyclic shifts.
c. DMRS symbols are located at fixed locations with respect to the symbol 0 in each slot. The set of potential DMRS symbol location indices should be {0,2,4,6,7,9,11,13}. The rest symbols (excluding DL symbols, gap, UL DMRS, and UL short duration symbols) are PUCCH symbols carrying UCI. 
d. Frequency hopping can be supported if # symbols in long PUCCH is larger or equal to X. Frequency hopping is disabled if # symbols in long PUCCH is smaller than X. The value of X is FFS.
e. In case of frequency hopping, at most 1 hop is supported for a given duration of long PUCCH.
f. Depends on the actual long PUCCH duration, hopping may or may not occur for one particular long PUCCH. If hopping occurs, hopping position is roughly in the middle of long PUCCH duration.
g. The multi-user capacity is 12 for one RB. UE multiplexing by orthogonal sequences in frequency domain or equivalently time domain cyclic shift. Don’t support time domain OCC. 
h. Multi-user capacity does not change with hopping. It is always up to 12 per RB.

	Cohere Technologies
	a. UCI symbols are multiplied by a phase rotated sequence (CAZAC sequence or other) and by a time domain spreading code (OCC, particularly a DFT code), of duration equal to the number of data symbols in the PUCCH.
b. DMRS symbols are uniformly distributed over the duration of the PUCCH. The amount of DMRS symbols is equal or similar to that of data symbols.
c. DMRS symbols alternate with data symbols.
d. Yes. For multi-slot transmission, slot hopping is used. For single slot transmission, PUCCH duration divided into contiguous blocks of data symbols.
e. At least one hop. FFS if more hops beneficial for multi-slot PUCCH.
f. First/last PRB in frequency domain, first/last symbols of PUCCH in time domain, or FFS.
g. Maximum supported capacity equals number of phase rotations * number of OCC. It is understood that different phase rotations and/or DFT codes result in orthogonal transmissions in AWGN.
h. Not necessarily, but it may to the extent that it may affect the number of orthogonal phase rotations and OCC available.


	NTT DOCOMO
	a. Each OFDM symbol where UCI is mapped is a sequence where the CS, OCC, or sequence index of the symbol is dependent on the UCI. In order to enable interference randomization, CS, OCC, or sequence index, of each UCI symbol is determined by the cell ID or virtual cell ID.
b. Each OFDM symbol where DMRS is mapped is a sequence where the CS, OCC, or sequence index of the symbol is not dependent on the UCI. The UE knows the CS, OCC, or sequence index of the symbol beforehand, and can use the symbol for channel estimation.
c. Interlaced mapping between UCI and DMRS symbols.
d. Yes, frequency-hopping is supported.
e. At least for a long-PUCCH within a slot, it is one hop (two parts of the long-PUCCH).
f. Each hop should be able to be determined independently from system bandwidth and UE bandwidth.
g. For a long-PUCCH having 14-symbols, the multi-user capacity is the same as LTE PUCCH format 1b.
h. This is up to how a long-PUCCH over multiple slots is made; a long-PUCCH can be optimized for the multi-slot use-case so that the multiplexing capacity is enhanced (more specifically, disabling intra-slot FH). However, this is up to how much time is available until completion.

	CATT
	a. A similar format as for LTE PUCCH format 1a/1b where a UCI symbol modulates a sequence (e.g. ZC) on a symbol and a cyclic shift may be applied in time using a pattern that supports interference randomization. 
b. Similar structure as UCI symbols.
c. A UCI-RS pattern for each NR-PUCCH length is shown in our contribution (R1-1710085), where the main design principle is that the RS symbols are grouped together in each applicable bandwidth part. For length of 4~7 symbols, it should be further studied with evaluation to see whether a unified UCI and RS position can be used for NR-PUCCH with and without frequency hopping. For length of 8~14 symbols, the same UCI and RS position can be used for NR-PUCCH with and without frequency hopping.
d. In our view frequency hopping is supported but should be configurable for at least length of 4~7 symbols.
e. One hop
f. 

Around the middle of long PUCCH within a slot and should be pre-defined or can be determined according to a simple rule e.g., given N symbols the number of symbols in group 1 is  and the number of symbols in group 2 is. 
g. The multiuser capacity depends on e.g. the number of cyclic shifts and OCC length applicable in each bandwidth part. At least we expect the same capacity as LTE for PUCCH duration of 14 symbols. 
h. Yes it may or may not change depending on the duration since this affects the applicable OCC lengths.

	OPPO
	a. One UCI symbol is multiplied with a sequence and mapped to one data symbol. 
b. The structure of the DMRS symbols can be same as UCI symbols.
c. A long duration NR-PUCCH contains at least one PUCCH resource units. One PUCCH resource unit is composed of at least 2 symbols. DMRS and UCI are multiplexed in TDM in each unit.
d. Yes, frequency-hopping is supported.
e. At least one hop. Frequency hopping based on the PUCCH resource units can be further considered.
f. For one hop, the time position of a hop should be at the end of one PUCCH resource unit which is in the middle of the long PUCCH.
g. Time-domain OCC should be used to improve the multiplexing capacity. Considering the minimum length of long PUCCH is 4 symbols, so at least 2 data symbols can be transmitted. Therefore, the minimum multi-user capacity is 24 for one PRB.
h. The multi-user capacity may be changed in case of frequency hopping depending on the long PUCCH duration.

	Nokia
	a. UCI symbols are sequence-based, multiple by the BPSK (1-bit)/QPSK (2-bits)-modulated UCI
b. DMRS symbols are sequence-based
c. Fixed DMRS position relative to the start of the L-PUCCH duration. DMRS overhead between 40% to 50%.
d. Yes, frequency hopping can be supported between two frequency (PRB) locations
e. Symbol-based frequency hopping is supported to allow for scalable long PUCCH duration. Therefore, with 4-symbols, L-PUCCH will have 3 hops. With 14-symbols, L-PUCCH will have 13 hops
f. As mentioned in “e” there is a hop every symbol.
g. User multiplexing capacity: With time domain OCC:
L-PUCCH duration 4-7 symbols: 12 users
L-PUCCH duration 8-11 symbols: 24 users
L-PUCCH duration 12-14 symbols 36 users
Without time domain OCC: 12 users
h. Frequency hopping shouldn’t impact user multiplexing capacity.

	ZTE
	a. On each UCI symbol, UCI is first BPSK/QPSK modulated and then multiplied by a CG sequence.  The same length-12 CGS defined in LTE can be reused. 
b. A length-12 CGS is transmitted on each DMRS symbol, and interference randomization is applied for different DMRS symbols. 
c. DMRS symbol and data symbol are interlaced in the time domain. Specifically, long PUCCH is concatenated by the repeating of several basic units. In each basic unit, DMRS symbol and data symbol are alternatively mapped.  
d. Yes, every frequency hop can contain one or several consecutive basic units. 
e. From the perspective of performance, only one hop is beneficial to achieve a better joint channel estimation in each hop. However, fewer basic units in one hop and more hops can provide more flexibility. Thus, the number of hops may be 1 or larger than one and should be determined according to the use case. 
f. It depends on the duration of long PUCCH and the slot type in. But generally the number of symbols in each hop should be as even as possible. 
g. At least the multiplexing capacity per PRB is 12. Additional multiplexing capacity can be achieved by time domain OCC. The length of OCC depends on the duration and detailed structures of long PUCCH.  
h. Yes, a longer time domain OCC may be available in case of no hopping or with fewer hops. 

	Samsung
	a. As in LTE for PF 1a/1b.
b. As in LTE for PF 1a/1b
c. DMRS symbols alternate with UCI symbols
d. FH can be enabled/disabled by higher layer and/or L1 configuration
e. Depends on TxD. Without TxD and with 2 Rx at the gNB, a fourth order frequency diversity is needed to practically obtain all gains. However, to simplify the design (and considering the likelihood for TxD and/or >2 Rx antennas), 1 hop can suffice.
f. Number of symbols in each part of an FH-based transmission should at most differ by 1 (unless a sufficient need is shown for a larger difference).
g. Per RB, specifications can support the theoretically maximum of 12 UEs. In time, it depends on the OCC length. As reference, for long PUCCH over 14 symbols, UE multiplexing capacity is same as for LTE PUCCH 1a/1b.
h. Multiplexing capacity could increase without FH (longer OCC) – FFS whether this needs to be the case considering typical numbers of UEs that will be transmitting 1-2 bits in the same BW and multiplexing with UEs that may be using FH. 

	Huawei, HiSilicon
	a. On each UCI symbol, UCI is first BPSK/QPSK modulated and then multiplied by a CG sequence.  The same length-12 CGS defined in LTE can be reused. 
b. A length-12 CGS is transmitted on each DMRS symbol, and interference randomization is applied for different DMRS symbols. 
c. DMRS symbol and data symbol are interlaced in the time domain. Specifically, long PUCCH is concatenated by the repeating of several basic units. In each basic unit, DMRS symbol and data symbol are alternatively mapped.  

Assuming the data symbols means UCI symbols rather than UCI piggybacking over PUSCH in the response. The location and number of UCI symbols (including DMRS symbols) within the PUCCH depends on the slot type: 
1. For the UL-centric slot in 7-symbol slot, the supported number of symbols are {4,5};
1. For the UL-only slot in 7-symbol slot, the supported number of symbols are {5,6,7};
1. For the UL-centric slot in 14-symbol slot, the supported number of symbols are {8,9,10,11,12};
1. For the UL-only slot in 14-symbol slot, the supported numbers of symbols are {12, 13, 14}.
LTE’s sequences can be the baseline for long PUCCH with up to 2 bits (regardless of sequences for UCI or DMRS). 
DMRS is fixed within a slot and consecutive (if more than 1) within each hopping part, and depending on the location of a PUCCH (or the slot type), the DMRS locations are different. (More details in R1-1709961)
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1. Is frequency hopping supported?
Supported and configurable.

1. In case of frequency hopping, how many hops are supported for a given duration of long PUCCH?
Two hops for a PUCCH within one slot is sufficient. If more diversity gain is needed, PUCCH(s) over multiple slots can be applied and then multiple hops may be needed.

1. In case of frequency hopping, what is the position of a hop?
At the middle of a PUCCH (as much as possible).

1. What is the multi-user capacity for a given duration of long PUCCH?
Scalable UE multiplexing capacity according to number of UCI symbols based on LTE PUCCH format1 within one RB.

1. Is the multi-user capacity changed in case of frequency hopping?
Depending on the number of PUCCH symbols and the answer can be Yes. For PUCCH with 4~7 symbols including DMRS, without FH, time domain OCC should be applied to improve the multiplexing capacity. For PUCCH with other number of symbols (8~14), the multi-user capacity is not changed as per FH.

	Ericsson
	a. UCI bit(s) being BPSK/QPSK modulated are multiplied by a phase rotated sequence (CAZAC sequence or other) and by a time domain spreading code (OCC) if applicable, of duration equal to the number of data symbols of PUCCH being mapped to the same sub-carriers in a slot. Note that OCC is applicable if there is at least two such data symbols.
b. DMRS symbols are consists of a phase rotated sequence (CAZAC sequence or other) and by a time domain spreading code (OCC) if applicable, of duration equal to the number of DMRS symbols of PUCCH being mapped to the same sub-carriers in a slot. Note that OCC is applicable if there is at least two such DMRS symbols. 
c. DMRS symbols alternate with data symbols in TDM fashion.
d. Yes. 
e. At most one.
f. In time in the middle of PUCCH for a PUCCH with an even number of symbols (i.e. both hop legs have the same number of symbols) and almost in the middle of PUCCH for a PUCCH with an odd number of symbols (one hop legs has one symbol more than the other). The starting position of PUCCH in the slot as well as the two PRBs for the first and second hops are signaled (among a set of configured values)
g. Maximum supported capacity equals number of phase rotations * number of OCC. 
h. The answer needs further study or more accurately depends on the design choice. It is a choice whether to keep the number of applicable OCC unchanged or changed for a given PUCCH duration with or without frequency hopping which directly affects the multi-user multiplexing capacity.

	Intel
	a. BPSK/QPSK symbol for HARQ-ACK bit(s) is multiplied with a length 12 sequence.
b. A length-12 sequence, e.g., computer generated CAZAC sequence, is carried on DMRS symbols and different cyclic shifts can be applied on the respective symbols for inter-cell interference randomization. 
c. DMRS and UCI symbols are placed alternatingly as shown below:
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     <length-4>                           <length-5>                                   <length-6>.
d. Yes, frequency hopping is supported.
e. The frequency hopping occurs once per long PUCCH transmission.
f. The frequency hopping occurs at a middle for a given duration of long PUCCH.
g. Theoretically, 12 UEs can be supported by assigning different cyclic shifts within a symbol. OCC in time domain can be additionally applied to further improve the multiplexing capacity and also make more robust against channel delay spread. 
h. Frequency hopping reduces multiplexing capacity obtained from OCC in time domain due to the reduced OCC length, but it should not be an issue in practical deployment scenarios whether multiplexing capacity is limited by propagation channel. 

	LG
	a. Modulated UCI is multiplied with sequence used for LTE PUCCH and time domain OCC can be applied.
b. DMRS sequence for LTE PUCCH is reused and time domain OCC can be applied.
c. DMRS symbol(s) is(are) located in the middle of each hop except for 4-symbol case and the number of DMRS symbol(s) is (nearly) half of the number of symbols consisting of a hop (e.g., like LTE PUCCH format 1).
d. Yes, intra-slot hopping in a slot is already agreed. But frequency hopping is not supported for less than X symbols (FFS on the value of X).
e. At most 2 hops are supported for intra-slot hopping but FFS for inter-slot hopping.
f. Frequency hopping is applied in the middle of a given duration for long PUCCH.
g. Multiplexing capacity can be varied depending on supportable CS values and time domain OCC length of the hop with shorter duration.
h. Basically, multiplexing capacity is maintained for long PUCCH w/ and w/o frequency hopping. FFS on increasing multiplexing capacity if frequency hopping is not applied.





	Set B questions

	B. For Format Y, i.e. PUCCH format for UCI with large payload with no multiplexing capacity questions:
a. What is the structure of data symbols (i.e. symbols carrying UCI)?
b. What is the structure of the DMRS symbols?
c. For a given duration of long PUCCH, how data symbols and DMRS symbols are positioned with respect to each other in time domain?
d. Is frequency hopping supported?
e. In case of frequency hopping, how many hops are supported for a given duration of long PUCCH?
f. In case of frequency hopping, what is the position of a hop?
g. What is the maximum number of UCI bits per PRB for a given duration of long PUCCH?

	Company
	Response

	Panasonic
	a. QPSK only is assumed but basically same as NR-PUSCH.
b. Same as NR-PUSCH
c. Data symbols and DMRS position could follow the NR-PUSCH design with contiguous RB allocation. If the design based on OFDM based is supported, non-contiguous RB allocation can be supported.
d. Yes in case of contiguous allocation.
e. One hop for a given duration of long PUCCH is sufficient.
f. The position of a hop could follow the same position as NR-PUSCH with frequency hopping.
g.The maximum number of UCI bits per PRB for a given duration of PUCCH depends on available number of REs for data symbols. On supported payload size, the network/gNB scheduler will take into account payload size. Up to certain coding rate variation, supported payload size is sameamong different duration of long PUCCH. If more than certain rate variation (like the coding rate is higher than 1), the resource utilization is changed in the frequency domain. Power of 2 scaling of the resource utilization difference could be supported but fractional scaling of the resource variation is not supported.

	Qualcomm
	a. This format is similar to PUSCH. UCI is QPSK modulated and then mapped to REs on available data symbols.
b. DMRS is a low PAPR sequence.
c. DMRS symbols are located at fixed locations with respect to the symbol 0 in each slot. The set of DMRS symbol location indices should be a subset of DMRS symbol indices set defined for format X. The rest symbols (excluding DL symbols, gap, UL DMRS, and UL short duration symbols) are potential PUCCH symbols carrying UCI. 
d. Frequency hopping can be supported if # symbols in long PUCCH is larger or equal to X. Frequency hopping is disabled if  # symbols in long PUCCH is smaller than X. The value of X is FFS.
e. In case of frequency hopping, at most 1 hop is supported for a given duration of long PUCCH.
f. Depends on the actual long PUCCH duration, hopping may or may not occur for one particular long PUCCH. If hopping occurs, hopping position is roughly in the middle of long PUCCH duration.
g. This need further study


	Cohere Technologies
	a. The structure of data symbols is the same as for format X (UCI up to two bits). Every encoded and modulated UCI symbol is multiplied by a phase rotated sequence (CAZAC sequence or other) and by a time domain spreading code (OCC, particularly a DFT code), with duration equal to the number of data symbols in the PUCCH.
Unlike other proposals based on PUSCH, this structure allows multiplexing of Format X and format Y in the same PRB.
b. DMRS symbols are uniformly distributed over the duration of the PUCCH. The amount of DMRS symbols is smaller than that of data symbols. The minimum amount of DMRS symbols equals the amount of PUSCH DMRS symbols.
c. DMRS symbols alternate with data symbols, in such a way that the maximum distance (in symbols) between a data symbol and a DMRS symbol is minimized. The DMRS location of PUSCH may be assumed as starting point.
d. Yes
e. At least one hop. FFS if more hops beneficial for multi-slot PUCCH.
f. First/last PRB in frequency domain, first/last symbols of PUCCH in time domain.
g. Maximum number of UCI symbols equals number of phase rotations * number of OCC. It is understood that different phase rotations and/or DFT codes result in orthogonal transmissions in AWGN. The number of UCI bits FFS depending on coding and modulation scheme.


	NTT DOCOMO
	a. Each OFDM symbol where UCI is mapped is a DFT-s-OFDM symbol same as for PUSCH data. 
b. Each OFDM symbol where DMRS is mapped is a sequence where the CS, OCC, or sequence index of the symbol is not dependent on the UCI. The UE knows the CS, OCC, or sequence index of the symbol beforehand, and can use the symbol for channel estimation.
c. It is preferable either (1) same as PUSCH or (2) subset of DMRS for PUCCH format X.
d. Yes, frequency-hopping is supported.
e. At least for a long-PUCCH within a slot, it is one hop (two parts of the long-PUCCH).
f. Each hop should be able to be determined independently from system bandwidth and UE bandwidth.
g. Same as LTE PUCCH format 4, maximum allowed code rate per PUCCH should be configured by higher-layer.

	CATT
	a. Similar design principle as LTE PUCCH format 4 with QPSK modulation, channel coding and rate matching according to the available resources.
b. Similar design principles as LTE PUCCH format 4, which is based on the PUSCH. 
c. Our proposed UCI-RS mapping patterns for all valid long PUCCH durations is described in our contribution, R1-1710086. Essentially, the design should follow the LTE PUCCH Format 4 design principle where the large UCI payload structure is based on the PUSCH design.
d. Yes, frequency hopping can be supported but in our view it should be configurable at least for lengths of 4~7 symbols.
e. One hop
f. Around the middle of long PUCCH within a slot and can either be pre-defined or determined according to a simple rule. 
g. The maximum number of UCI bits per PRB for a given duration of PUCCH depends on available number of REs for data symbols and the coding rate. As for LTE PUCCH format 4, one coding rate from predefined multiple coding rates can be pre-configured by RRC for one UE.

	OPPO
	a. The structure of NR-PUSCH should be reused. Only QPSK modulation is used for UCI transmission.
b. The structure of NR-PUSCH should be reused.
c. Depends on the design of NR-PUSCH.
d. Yes, frequency-hopping is supported.
e. At least one hop. Whether more hops can be supported depends on the DMRS pattern of NR-PUSCH.
f. For one hop, the time position of a hop should be in the middle of the long PUCCH.
g. This issue should be further studied, considering the CBG-based transmission, carrier aggregation, feedback design in MIMO, etc.

	Nokia
	a. UCI is encoded, scrambled, QPSK modulated and then mapped to UCI symbols of the L-PUCCH.
b. DRMS symbols are sequence based.
c. Fixed DMRS symbol location relative to the start of the L-PUCCH duration. This could be a subset of the set of DMRS symbols used with small UCI payload.
d. Yes, frequency hopping can be supported between two frequency (PRB) locations.
e. Symbol-based frequency hopping is supported to allow for scalable long PUCCH duration. Therefore, with 4-symbols, L-PUCCH will have 3 hops. With 14-symbols, L-PUCCH will have 13 hops.
f. As mentioned in “e” there is a hop every symbol if frequency-hopping is enabled.
g. This depends on the duration of the L-PUCCH and the number of PRBs. In general, we should target a low code rate to enable successful one-shot decoding. To be further studied.

	ZTE
	a. The structure including the coding could be based on LTE PUCCH format 4 or NR PUSCH. 
b. A CG sequence or CAZAC sequence with low PAPR. 
c. Long PUCCH with a given duration is assembled by one or multiple basic units in the time domain. In each type of basic unit, there is only one DMRS and is located in the first symbol of the unit. 
d. Yes, every frequency hop can contain one or several consecutive basic units. 
e. Similar to Format X, the number of hops supported may be 1 or larger than one. 
f. It depends on the duration of long PUCCH and the slot type in. But generally the number of symbols in each hop should be as even as possible. 
g. Depends on the number of data symbols in long PUCCH and the supported code rates. For example, for a long PUCCH with 4 data symbols and the largest code rate can be 1, then the maximum number of UCI bits per PRB is 48.  

	Samsung
	a. UCI is transmitted using DFT precoding, as for data in a PUSCH using DFT-S-OFDM waveform. Structure need not be same as for PUSCH in NR – e.g. it is better to have DMRS located as in LTE (~middle of transmission) instead of being front-loaded. Coding (RM, polar) is as agreed according to payload. May also consider QAM16 given the potentially large payloads (e.g. as for A-CSI in LTE). 
b. CAZAC sequence.
c. DMRS is not front-loaded. Either 1 or 2 DMRS symbols per FH part.
d. FH can be enabled/disabled by higher layer and/or L1 configuration
e. One hop should suffice (see further comments on same question of 1-2 UCI bits)
f. Number of symbols in each part of an FH-based transmission should at most differ by 1 (unless a sufficient need is shown for a larger difference).
g. FFS (also considering multiplexing of CSI and beam-related information). LTE eCA multiplexing principles are baseline.

	Huawei, HiSilicon
	1. What is the structure of data symbols (i.e. symbols carrying UCI)?
1. What is the structure of the DMRS symbols?
1. For a given duration of long PUCCH, how data symbols and DMRS symbols are positioned with respect to each other in time domain?
One DMRS symbol on each frequency hopping part (if applied) is considered to save DMRS overhead and carry large amount of information. The relative symbol positions of UCI and DMRS can be illustrated as below. (More details in R1-1711417)
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1. Is frequency hopping supported?
Same response as in Set-A.

1. In case of frequency hopping, how many hops are supported for a given duration of long PUCCH?
Same response as in Set-A.

1. In case of frequency hopping, what is the position of a hop?
Same response as in Set-A.

1. What is the maximum number of UCI bits per PRB for a given duration of long PUCCH?
The PUCCH format is designed based on LTE PUCCH format 4. Considering the large payload, the structure of this type of long-PUCCH can follow PUSCH design to convey much information. Therefore the LTE PUCCH format 4 payload can be baseline. The exact upper bound of UCI payload will need to consider the UCI type and function and DMRS overhead

	Ericsson
	a. Similar design principle as LTE PUCCH format 4 with QPSK modulation, channel coding and rate matching according to the available resources.
b. It can be low PAPR sequences such as CAZAC sequences. It has the benefit of enabling multi user capacity for medium payloads if needed as a smooth transition between format Y and Z.
c. As the baseline, one DMRS symbol in the middle of data symbols per hop leg in case of frequency hopping (see answers d, e, f). It needs further study if an additional DMRS symbol is needed for certain PUCCH duration(s) with or without frequency hopping to ensure robustness e.g. at high speeds.
d. Yes
e. One hop
f. Similar answer to question f in Set A questions
g. Similar view as CATT, i.e. the maximum number of UCI bits per PRB for a given duration of PUCCH depends on available number of REs for data symbols and the coding rate. As for LTE PUCCH format 4, one coding rate from predefined multiple coding rates can be pre-configured by RRC for one UE.

	Intel
	a. NR PUSCH based. As for LTE PUCCH format 4, the number of long PUCCH PRBs can vary depending on payload size and QPSK is employed. 
b. Same DMRS structure as NR PUSCH can be employed and the commonality is preferred for implementations as well. 
c. Same positions of UCI and DMRS symbols as NR PUSCH can be applied unless a clear need and significant benefits are identified. This also helps when PUSCH and long PUCCH transmission from the same UE occurs adjacent in frequency. 
d. Yes. 
e. Frequency hopping occurs once for a given duration of long PUCCH.
f. The frequency hopping can occur at a middle of a long PUCCH transmission and such that the DMRS overhead does not increase due to the frequency hopping.
g. It can be different depending on combination of UCI types and reliability requirement setting by the network.

	LG
	a. DFT output of encoded UCI bits is mapped on a given duration of long PUCCH (e.g., like LTE PUCCH format 4).
b. DMRS sequence for LTE PUCCH is reused.
c. One DMRS symbol is located in the middle of each hop except for 4-symbol case.
d. Yes, intra-slot hopping in a slot is already agreed. But frequency hopping is not supported for less than X symbols (FFS on the value of X).
e. At most 2 hops are supported for intra-slot hopping but FFS for inter-slot hopping.
f. Frequency hopping is applied in the middle of a given duration for long PUCCH.
g. Maximum UCI bits per PRB for a given duration of long PUCCH can be determined depending on the number of available REs (not used for DMRS) and (configured) maximum coding rate, e.g., 10 UCI symbols * 12 REs * 2 bits/RE (QPSK) * 1/2 coding rate = 120 UCI bits.





	Set C questions

	C. For Format Z, i.e. PUCCH format for UCI with moderate payload with some multiplexing capacity:
a. Is Format Z based on any of the NR PUCCH formats or is it a new format? If yes, describe which one and how.
b. What is the structure of data symbols (i.e. symbols carrying UCI)?
c. What is the structure of the DMRS symbols?
d. For a given duration of long PUCCH, how data symbols and DMRS symbols are positioned with respect to each other in time domain?
e. Is frequency hopping supported?
f. In case of frequency hopping, how many hops are supported for a given duration of long PUCCH?
g. In case of frequency hopping, what is the position of a hop?
h. What is the maximum number of UCI bits and multi-user capacity per PRB for a given duration of long PUCCH? 
i. Are the multi-user capacity and the UCI payload size changed in case of frequency hopping?
j. What is the maximum number of UCI bits that Format Z can support per PRB?


	Company
	Response

	Panasonic
	a. Format Y based NR PUCCH formats might be sufficient for moderate payload with some multiplexing capacity. One of candidates would be LTE PUCCH format 5 type spreading.
b. QPSK
c. Same as NR-PUSCH (Format Y).
d. Same as Format Y.
e. Yes.
f. One hop for a given duration of long PUCCH is sufficient.
g. Same as Format Y.
h. Assuming LTE PUCCH format 5 type spreading, maximum number UCI bits and multi-user capacity per PRB depends on spreading factor. If SF=2 of spreading is applied, maximum number UCI bits becomes half of Format Y and multi user capacity becomes two times.
i. No.
j. It should be decided after format Y is concluded.

	Qualcomm
	a. Format Z should be based on LTE PUCCH format 5 with some extension. Since format X has UE multiplexing capacity of 12 while format Y has no multiplexing capacity, we think format Z should have UE multiplex capacity of 4. Therefore, format Z can be a simple variation of LTE format 5 with CDMing of 4 UEs before DFT. 
b. For each data symbol, applying CDM to multiplex up to 4 UEs before DFT.
c. DMRS is a length-12 low PAPR sequence. Up to 4 UEs’s DMRS can be multiplex with cyclic shift of the base sequence.  
d. DMRS symbols are located at fixed locations with respect to the symbol 0 in each slot. The set of DMRS symbol location indices should be a subset of DMRS symbol indices set defined for format X. The rest symbols (excluding DL symbols, gap, UL DMRS, and UL short duration symbols) are potential PUCCH symbols carrying UCI. 
e. Frequency hopping can be supported if # symbols in long PUCCH is larger or equal to X. Frequency hopping is disabled if  # symbols in long PUCCH is smaller than X. The value of X is FFS.
f. In case of frequency hopping, at most 1 hop is supported for a given duration of long PUCCH.
g. Depends on the actual long PUCCH duration, hopping may or may not occur for one particular long PUCCH. If hopping occurs, hopping position is roughly in the middle of long PUCCH duration.
h. Max multi-user capacity is 4 per PRB.
i. Max multi-user capacity and UCI payload size do not change with hopping.
j. This needs further study.

	Cohere Technologies
	a. Format Y should be sufficient to efficiently accommodate medium size payloads 

b. Same as format Y. Note that format Y can flexibly accommodate any payload size and at the same time efficiently multiplex different users with medium (or variable) payload sizes
c. DMRS symbols alternate with data symbols, in such a way that the maximum distance (in symbols) between a data symbol and a DMRS symbol is minimized. The number of DMRS symbols can be varied based on payload size, and corresponding number of users to be multiplexed, ranging from the number used in format X to the number used in format Y.
d. DMRS symbols alternate with data symbols, in such a way that the maximum distance (in symbols) between a data symbol and a DMRS symbol is minimized.
e. Yes.
f. At least one hop. FFS if more hops beneficial for multi-slot PUCCH.
g. First/last PRB in frequency domain, first/last symbols of PUCCH in time domain.
h. That is adjustable depending on the desired payload size and modulation and coding scheme. Format Y allows for an arbitrary number of users with arbitrary payload size to be multiplexed, as long as the total multiplexing capacity is not exceeded.
Examples (note CRC bits excluded for simplicity): 
· A payload size of 20 bits may be encoded with rate 1/3, yielding a total of 30 QPSK symbols. 30 phase rotation / code resources are allocated per user. If 1PRB pair is allocated and the number of data symbols of the PUCCH is 8 (4 each slot), a total of 96 phase rotation / code resources are available, allowing to multiplex 3 users.
· For a code rate of 0.53, 19 symbols per user are required, allowing to multiplex 5 users.   

i. Not necessarily, but it may to the extent that it may affect the number of orthogonal phase rotations and OCC available.
j. FFS, after performance evaluations with different modulation and coding schemes.


	NTT DOCOMO
	a. Format Z should be based on format Y. More specifically, OCC is applied for a given UCI symbol to realize multiplexing capacity, at the cost of UCI payload. This is exactly same as LTE PUCCH format 5 which is the OCC-applied PUCCH format 4.
b. Each OFDM symbol where UCI is mapped is a DFT-s-OFDM symbol with OCC before DFT spreading.
c. Each OFDM symbol where DMRS is mapped is a sequence where the CS, OCC, or sequence index of the symbol is not dependent on the UCI. The UE knows the CS, OCC, or sequence index of the symbol beforehand, and can use the symbol for channel estimation.
d. It is preferable either (1) same as PUSCH or (2) subset of DMRS for PUCCH format X.
e. Yes, frequency-hopping is supported.
f. At least for a long-PUCCH within a slot, it is one hop (two parts of the long-PUCCH).
g. Each hop should be able to be determined independently from system bandwidth and UE bandwidth.
h. Same as LTE PUCCH format 5, maximum code-rate should be configured by higher-layer. For the OCC before DFT spreading, spreading factors of 2, 3, and 6 are considered. FFS: narrow down the spreading factor.
i. This is up to how a long-PUCCH over multiple slots is made; a long-PUCCH can be optimized for the multi-slot use-case so that the multiplexing capacity is enhanced (more specifically, disabling intra-slot FH). However, this is up to how much time is available until completion.

	CATT
	a. It can be based on the NR-PUCCH format Y by using frequency domain OCC similarly to LTE PUCCH format 5.
For questions b – g, same as NR-PUCCH format Y.
h. The maximum number of UCI bits per PRB for a given duration of PUCCH depends on available number of REs for data symbols and the coding rate and the length of OCC in frequency domain. As for LTE PUCCH format 5, one coding rate from predefined multiple coding rates can be pre-configured by RRC for one UE. The length of frequency domain OCC can be either configurable to support flexible multi-UE capacity or can be fixed to e.g. 2. The multi-user capacity per PRB depends on the length of frequency domain OCC.
i. It depends on whether same or different lengths of frequency domain OCC can be used for different durations of NR-PUCCH. For simplicity, we slightly prefer the same length of frequency domain OCC is used for different durations of NR-PUCCH.
j. It should be decided after NR-PUCCH format Y is concluded.

	OPPO
	a. Format Z can reuse the structure of Format X w/o frequency/time-domain spreading. Format Z can also reuse the structure of Format Y with frequency/time-domain spreading. UCI bits are encoded and mapped to different symbols/REs.
b. Same as Format X/Y.
c. Same as format X/Y.
d. Same as format X/Y.
e. Yes, frequency-hopping is supported.
f. Same as format X/Y.
g. Same as format X/Y.
h. The minimum multi-user capacity can be 2 (only time-domain OCC). 
i. The multi-user capacity may be changed in case of frequency hopping depending on the long PUCCH duration
j. This issue should be further studied, considering the CBG-based transmission, carrier aggregation, feedback design in MIMO, etc.

	Nokia
	a. There is a wide variation between the UCI payload size and the user multiplexing capacity of formats X and Y. Therefore, we think that a new format is needed for intermediate payload size. This could be based on time domain OCC, similar to LTE PUCCH format 3.
b. UCI is encoded, scrambled, QPSK modulated and then mapped to UCI symbols of the L-PUCCH. The UCI symbols are multiple by an OCC code.
c. DMRS symbols are sequence based and multiple by OCC code.
d. Fixed DMRS symbol location relative to the start of the L-PUCCH duration. This could be a subset of the set of DMRS symbols used with small UCI payload.
e. Yes, frequency hopping can be supported between two frequency (PRB) locations.
f. Symbol-based frequency hopping is supported to allow for scalable long PUCCH duration. Therefore, with 4-symbols L-PUCCH will have 3 hops. With 14-symbols L-PUCCH will have 13 hops.
g. As mentioned in “f” there is a hop every symbol if frequency-hopping is enabled.
h. This depends on the duration of the L-PUCCH. To be further studied.
i. Multiplexing capacity should be design to be the same whether frequency hopping is enable or not.
j. This depends on the design of format Y. To be further studied.

	ZTE
	a. Format Y is sufficient to support medium size payloads, and we slightly prefer not to support Format Z.
b. The same as Format Y.  
c. The same as Format Y.  
d. The same as Format Y.  
e. Yes. 
f. The same as Format Y.  
g. The same as Format Y.  
h. The same as Format Y.  
i. No. 
j. The same as Format Y.  

	Samsung
	a. There is no need for a Format Z. Multiplexing capacity of Format Y can increase by implementation using time domain adjustments.

	Huawei, HiSilicon
	1. Is Format Z based on any of the NR PUCCH formats or is it a new format? If yes, describe which one and how.
It is a new format based on LTE PUCCH format 3.
1. What is the structure of data symbols (i.e. symbols carrying UCI)?
1. What is the structure of the DMRS symbols?
1. For a given duration of long PUCCH, how data symbols and DMRS symbols are positioned with respect to each other in time domain?
For the 4-length to 7-length long PUCCH, if frequency hopping is enabled, each frequency hopping part includes one DMRS symbol. Otherwise, two DMRS symbols on each part for one PUCCH can be considered to improve the performance of channel estimation, and time domain OCC can be considered to improve the multiplexing capacity.
For the 8-length to 14-length long PUCCH, two DMRS symbols on each hopping part can be considered.
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1. Is frequency hopping supported?
Same response as in Set-A.

1. In case of frequency hopping, how many hops are supported for a given duration of long PUCCH?
Same response as in Set-A.

1. In case of frequency hopping, what is the position of a hop?
Same response as in Set-A.

1. What is the maximum number of UCI bits and multi-user capacity per PRB for a given duration of long PUCCH? 
A few tens of bits with multi-user capacity per PRB variable from 1~5, depending on # of UCI symbols and RS symbols.

1. Are the multi-user capacity and the UCI payload size changed in case of frequency hopping?
The multi-user capacity can be changed w.r.t. FH and time-domain OCC for some length of PUCCH, e.g. for a long-PUCCH with 4~7 symbols with a structure as described in Set-A-a/c. 
The UCI payload is not changed w.r.t. FH applied or not.

1. What is the maximum number of UCI bits that Format Z can support per PRB?
24 bits if supporting up to 1/2 code rate according to LTE design. 

	Ericsson
	a. It can be based on the NR-PUCCH format Y by using intra-symbol frequency domain FDM. Note that we had primarily frequency domain CDM but we observed FDM has superior performance over CDM.
b. Similar response as for question b in Set B questions (Format Y) with the difference that the number of QPSK data symbols are affected by the number of avaialbe Res per user.
c. Similar response as for question c in Set B questions (Format Y).
d. Similar response as for question d in Set B questions (Format Y).
e. Yes
f. At most one.
g. Similar answer to question f in Set A/B questions
h. The maximum number of UCI bits (NUCI) depends on couple of factors, including the number of symbols in PUCCH (Nsym), the number of DMRS symbols (NRS), number of UEs to multiplex (NUE), the coding rate (at most 1/2), given by the following relation:
Coding rate = NUE * NUCI/[24*(Nsym-NRS)]
Assuming frequency hopping and one DMRS symbol per hop (or two per PUCCH) and coding rate 1/2, we obtain the following maximum number of UCI bits:
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i. No due to not having time domain spreading.
j. In our view. Format Z used on one PRB. The maximum number of PRB is given in the answer h above.

	Intel
	a. Down-selection between the two approaches below is considered:
· PUSCH based (same structure as for large payload), with adjusting the duration when needed, e.g., for UE multiplexing,
· LTE PUCCH format 3, if larger UE multiplexing capacity is needed.
For the remaining questions, the answers to “Set B questions” apply if PUSCH based design is adopted for moderate payload size as well, and otherwise the designs from LTE PUCCH format 3 can be employed.

	LG
	a. Two PUCCH format Z1 and Z2 based on LTE PUCCH format 3 and 5 can be considered for moderate payload.
b. DFT output of encoded UCI bits is mapped on a given duration of long PUCCH. Time domain OCC after DFT is applied for PUCCH format Z1 and frequency domain OCC before DFT is applied for PUCCH format Z2.
c. DMRS sequence for LTE PUCCH is reused.
d. One DMRS symbol is located in the middle of each hop except for 4-symbol case. If two DMRS symbols per hop are used for PUCCH format Z1, they can be distributed in time domain (similar to DMRS location of LTE PUCCH format 3).
e. Yes, intra-slot hopping in a slot is already agreed. But frequency hopping is not supported for less than X symbols (FFS on the value of X).
f. At most 2 hops are supported for intra-slot hopping but FFS for inter-slot hopping.
g. Frequency hopping is applied in the middle of a given duration for long PUCCH.
h. For PUCC format Z1, maximum UCI bits can be given by 12 REs * 2 hops * 2 bits/RE (QPSK) * maximum coding rate and multiplexing capacity can be varied depending on OCC length applied for UCI symbols in the hop with shorter duration. For PUCCH format Z2, maximum UCI bits can be given by 12 REs/F-OCC-length * number of available UCI symbols * 2 bits/RE (QPSK) * maximum coding rate and multiplexing capacity can be varied depending on frequency domain OCC length applied for UCI symbols.
i. Basically, multiplexing capacity and UCI payload size are maintained for long PUCCH w/ and w/o frequency hopping. FFS on increasing multiplexing capacity if frequency hopping is not applied.
j. For PUCC format Z1, maximum UCI bits can be given by 12 REs * 2 hops * 2 bits/RE (QPSK) * maximum coding rate. For PUCCH format Z2, maximum UCI bits can be given by 12 REs/F-OCC-length * 12 UCI symbols * 2 bits/RE (QPSK) * maximum coding rate.





	Set D questions

	D. For a Long PUCCH format (i.e. Format X, Y and Z if supported):
a. Is there any restriction on the starting position of a long PUCCH in the slot?
b. Is there any restriction of the ending position of a long PUCCH in the slot?
c. How does the UE is informed about the position of the PUCCH in the slot?
d. How may long PUCCH from the same UE can be TDM in a slot?


	Company
	Response

	Panasonic
	a and b. The symbols available for long-PUCCH can be changed within a slot depending on the number of DL symbols and/or the number of symbols reserved for short-PUCCH. Therefore, from such available symbol for long-PUCCH perspective, no restriction on the starting/ending position of a long PUCCH in the slot. On the other hand, within the symbols available for long-PUCCH, all symbols for long-PUCCH in a slot are fully utilized by a long-PUCCH. 
c. The available symbols for long-PUCCH (same as available symbols for PUSCH)are included in the higher layer signaling configurations for PUCCH resource allocation. Group or UE specific DCI signals one of index of configurations.
d. We don’t see the need to have TDM of long PUCCH from the same UE in a slot. On the other hand, TDM of long PUCCH from different UEs is supported in the case that inter-slot hopping is enabled. This is similar to LTE's first slot and second slot relation in a subframe. For the case that inter-slot hopping is disabled, TDM of long PUCCH from different UEs is not supported.

	Qualcomm
	a. YES. The starting position of long PUCCH should not extend into configured DL control region.
b. YES. The ending position of long PUCCH should not extend into configured UL short duration region.
c. RRC configured. Dynamical signal the position of the long PUCCH will require UE to wake up one slot earlier to decode the signaling which increase UE power consumption. (Signaling long PUCCH position in the same slot does not work because of challenging timeline for UE to turn around)
d. 2 long PUCCH from the same UE can be TDMed in a slot. One typical use case is to TMD CQI and ACK in TDM fashion via two long PUCCHs. Different performance target between CQI and ACK can be easily achieved by adjust the duration of the two long PUCCHs.

	Cohere Technologies
	
a, b. The proposed format imposes no restriction on the starting and ending positions of a long PUCCH in the slot.
c. The position of the PUCCH in the slot may be pre-configured, semi-statically assigned, or dynamically assigned by means of a DCI message. 
d. Given the flexible multiplexing capability of the proposed format, multiple PUCCH from a single UE may be multiplexed using the PUCCH multiplexing capability. 

	NTT DOCOMO
	a. Starting position of a long-PUCCH in a slot should basically be aligned with the starting position of UL part of the slot.
b. Ending position of a long-PUCCH in a slot should be flexible; depending on whether there is short-PUCCH or something else at the end of the slot, the ending position should be able to be different.
c. Starting position is known by the slot format related information given by higher-layer signaling or group-common PDCCH. 
d. The answer for this question depends on whether different transmission durations of PUSCH and PUCCH in the same time duration is allowed. If it is allowed, the number of long-PUCCH within a slot can be small, such as one or two (e.g., two 7-symbol long-PUCCH in a 14-symbol slot), since PUSCH transmission duration can be independent from the long-PUCCH duration/position. If it is not allowed, it should be possible to TDM long-PUCCHs within a slot as many as possible, so that position/duration of a PUSCH with shorter transmission duration (a.k.a mini-slot PUSCH) is not restricted.


	CATT
	a. The only restriction may be that long PUCCH can be only transmitted in the UL region or a preconfigured sub-set of the UL region in a slot. If DCI can dynamically indicates the starting position of a long PUCCH, long PUCCH can start at any symbol in the UL region. 
b. The ending position of the long PUCCH can be implicitly determined from the length and the starting position of the long PUCCH.
c. For HARQ-ACK, DCI can be used to indicate the position of long PUCCH. For periodic UCI, higher layer signaling indicates the position of long PUCCH.
d. Currently we have not identified a strong reason to support TDM of multiple long PUCCH in one slot from the same UE.

	OPPO
	a. The starting position of a long PUCCH should be aligned with the starting position of UL part of the slot.
b. Without short PUCCH, the end position of a long PUCCH should be at the end of the slot. With short PUCCH, the end position of a long PUCCH should be explicitly/implicitly indicated by the gNB.
c. With short PUCCH, the end position of a long PUCCH should be explicitly/implicitly indicated by the gNB. Otherwise, the starting/end position of a long PUCCH should be known with the configuration of the slot..
d. According to c, we don’t support to TDM multiplexing of long PUCCH from one UE.


	Nokia
	a. Starting position of L-PUCCH should be symbol 0 in case of UL slot, and start of the UL part (after DL part and gap) in case of a bi-direction UL centric slot.
All users sending L-PUCCH should start in the same symbol of a slot.
b. The ending position of L-PUCCH could be:
The symbol before the start of the S-PUCCH in case a user transmits S-PUCCH and L-PUCCH using TDM multiplexing, or in case the PRBs allocated to L-PUCCH are used by another user to send S-PUCCH during the short duration
Otherwise, the L-PUCCH extends to the end of the slot.
Based on the above, not all users have the same ending position for L-PUCCH.
c. Both dynamic and semi-static signaling can be used to inform the UE about the starting and ending positions of the L-PUCCH
d. L-PUCCH cannot be TDMed with another L-PUCCH for the same UE. However, it is possible to TDM L-PUCCH with S-PUCCH for the same UE in a slot.

	ZTE
	a. Except for the DL symbols and GP symbol(s), no restriction is imposed on the starting position of a long PUCCH in the slot.  
b. Yes, the end of the long PUCCH of different lengths shall align at the last UL symbol in the slot except for short PUCCH symbols if any. 
c. Could be a combination of semi-static configuration and the physical layer signaling. The set of possible positions is RRC configured for each slot type, and the exact position is decided by DCI. 
d. Since the slot type and the timing of a UE possibly be changed semi-statically or dynamically, there might be a case that two long PUCCHs carrying ACK/NACK in one slot correspond to different DL slots. Thus, there is no need to preclude the TDM of long PUCCH from the same UE in one slot. In addition, TDM of long PUCCH from different UEs is a more typical case and shall be supported. 

	Samsung
	a. Starts after DL control region (when any – e.g. none in FDD). Otherwise, no restrictions.
b. Ends before short UL control region (when any). Otherwise, no restrictions.
c. Combination of semi-static and L1 signaling (e.g. ARI for time/frequency resource).
d. FFS 

	Huawei, HiSilicon
	1. Is there any restriction on the starting position of a long PUCCH in the slot?
To enable a long PUCCH possibly multiplexed with short PUCCH or a PUSCH within the same slot where the short PUCCH and PUSCH may be time sensitive, long PUCCH is preferred to locate from the starting of available UL symbols, e.g. for 4-symbol PUCCH in UL-centric slot, PUCCH spans from 3rd symbol and the last UL symbol can be used for other UL transmission.

1. Is there any restriction of the ending position of a long PUCCH in the slot?
Depending on the starting position and duration of a long PUCCH, there is no other particular restriction for the ending position of a long PUCCH in a given slot.

1. How does the UE is informed about the position of the PUCCH in the slot?
For further consideration, the time domain resources can be:
1. [bookmark: _GoBack]Separately indicated with frequency and/or code domain resource, 
0. Explicit indication via DCI
0. Implicitly indication derived from the DL beam pair if beam-based DL transmission 
1. Or, jointly indicated with frequency and/or code domain resource, where the resources of different PUCCHs correspond to different number of PUCCH symbols and type of PUCCH. This is particular useful because PUCCH duration can be changed dynamically according to different requirements such as latency and/or coverage and functions such as whether CSI is simultaneously transmitted with HARQ-ACK.
More details can be found in R1- 1710461 and R1-1708149.
1. How may long PUCCH from the same UE can be TDM in a slot?
Within one slot, one long PUCCH seems sufficient for most cases however depending on the coverage requirement long PUCCH can be multiplexed across slots.


	Ericsson
	a/b/c) The UE is configured with few configurations for PUCCH (“Super ARI”) that includes the corresponding starting position, duration (or ending position). The UE is signaled dynamically which configuration to use.
d) In our view, only one long PUCCH from the same UE is transmitted in a slot (hence no TDM). The reason is that if there is a need to transmit additional UCI bits from the same UE, the long PUCCH format or size can be adjusted accordingly.

	Intel
	a. The starting position can vary depending on a configuration of other physical channels within a slot and also whether it is unpaired or paired spectrum, as discussed in our contribution R1-1710561. No practical restriction unless the long PUCCH would collide with other physical channels within a slot.
b. Same answer as above for the ending position as well.
c. Possible starting and ending positions for a UE can be configured by higher layers. The following approaches can be taken for PUCCHs which are dynamically scheduled and periodically transmitted by higher layers, respectively:
Proposal: for long PUCCH scheduled by DCI
· [4] locations (start symbol, end symbol) are configured via RRC 
· DCI indicates one among the [4] candidate locations.
Proposal: for long PUCCH scheduled by L2/L3
· A single location (start symbol, end symbol) is configured to a UE. 
d. A single long PUCCH transmission would work in most cases. We are also fine with the RAN1 agreement of supporting TDM of two long PUCCHs from a UE perspective as TDM of long PUCCH and short PUCCH is allowed.  

	LG
	a. There is no restriction on the starting position at least for UL only slot. But actual starting position may be determined based on presence or duration of potential DL region and DL-to-UL gap.
b. Basically, there is no restriction on the ending position. However, actual ending position may be determined based on presence or duration of SRS and short PUCCH at least in the same frequency resource.
c. gNB can inform the position of the PUCCH in the slot by dynamic indication, semi-static indication, or slot index indication with pre-configuration of long NR-PUCCH duration in each slot.
d. TDM between multiple long PUCCHs for the same UE in a slot requires further discussion on the necessity and motivation or practical use case.



Conclusion
In this email discussion, 13 sources have provided their views. Based on the views, we make the following observations:
Observation on frequency hopping:
It seems most of the companies are in favor of supporting frequency hopping which can be disabled or enabled. Majority of the companies are supporting maximum one hop per slot. Based on this observation, it seems the following proposal is in in-line with the majority of views. Note that one of the sources is in favor of symbol based frequency hopping.
Proposal:
· For a long PUCCH operation with or without frequency hopping is supported.
· At most one hop within a slot is supported.
·  For a long PUCCH with N symbols, the hop occurs after the Xth symbols where X=floor(N/2) [or ceil(N/2)].

Observation for Format X:
It seems most of the companies are in favor of a format based on LTE format 1/1a/1b however, DMRS and UCI symbols are alternatingly positioned. Based on this observation, it seems the following proposal in in-line with most of the companies’ views.  Note that one of the sources is not in favor of supporting OCC for this format.
Proposal:
· For a long PUCCH with up to 2 bits UCI:
· The DMRS and UCI are mapped to alternate symbols. For location of DMRS select from:
· Alt 1: DM-RS always occurs in even [or odd] symbols in the slot
· Alt 2: Long PUCCH starts with a DM-RS symbol.
· The DM-RS symbol(s) are formed as follows:
· DM-RS for a PUCCH is a cyclic shift of a base sequence (e.g. a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a cyclic shift of a base sequence (e.g. a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: BPSK and QPSK modulations are used for 1 and 2 UCI bits, respectively.
Observation for Format Y:
It seems most of the companies are in favor of a format based on LTE PUCCH format 4 or based on NR-PUSCH. Based on this observation, it seems the following proposal in in-line with most of the companies’ views. 
Proposal:
· For a long PUCCH with more than 2 bits UCI for a single user:
· The DMRS and UCI are mapped to different symbols. For location of DMRS and UCI symbols, select from:
· Alt 1: Same positions of UCI and DMRS symbols as NR PUSCH
· Alt 2: One DMRS symbol in the middle of the PUCCH symbols occupying the same sub-carriers
· The DM-RS symbol(s) are formed as follows:
· DM-RS for a PUCCH is a cyclic shift of a base sequence (e.g. a CAZAC or computer generated sequence) in frequency domain.
· The data symbols are formed as follows:
· The UCI bits are encoded, QPSK modulated and DFT pre-coded and mapped to the Res for the data symbols of a long PUCCH
· FFS whether to consider 16QAM modulation

Observation for Format Z:
On this topic, there were different views expressed. Two sources are not in favor of enabling a new or a variant of an existing format for the purpose of multi-user multiplexing. Other sources are in favor of enabling this possibility. Among them, there are two tracks, a design based on LTE PUCCH Format 3 or based on Format Y or NR-PUSCH. Based on these observations, we make the following two proposals:

Proposal:
· Operation of a long PUCCH with more than 2 bits UCI can support multiplexing of multiple users on a single PRB. 
· For the format of long PUCCH supporting multiplexing of users on a single PRB, select from:
· Alt 1: Long PUCCH format based on LTE PUCCH format 3
· Alt 2: Long PUCCH format based on the NR long PUCCH format for single user case for more than 2 UCI bits. To enable multi-user multiplexing, select from:
· FDM based: Different PUCCH sharing the same PRB(s) only use a fraction of the PRB subcarriers forming a comb. 
· CDM based: Different PUCCH sharing the same PRB(s) use all the subcarriers by means of intra-symbol pre-DFT spreading. Different PUCCH allocated to the same PRB(s) are assigned different Orthogonal Cover Codes (OCC).
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