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1 Introduction

The following have been agreed in previous RAN1 meetings on the long PUCCH transmission and structure.

Agreements:
· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot
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.
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
This contribution considers transmission aspects and structures for the long PUCCH for UCI of 1-2 bits.
2 Transmission Aspects for Long PUCCH with 1-2 Bits
2.1 Location of DMRS and UCI Symbols
The working assumption is that the DMRS always occurs in every other symbol and it is FFS whether it is on even or odd symbols. The FFS aspect is not meaningful as there is no reason to restrict the DMRS to be only on even or only on odd symbols. Similar to PUSCH transmission, a PUCCH transmission can start with DMRS transmission in order to enable a same transmitter/receiver design and faster channel estimation in general.  

Observation 1: There is no need to restrict DMRS transmission to occur only on odd or only on even PUCCH symbols.

In case of frequency hopping, there is a transient period for the transmission power. When frequency hopping occurs within the UE transmission BW, the transient period is relatively short and its impact depends on the symbol duration. When the transient period is much smaller than the symbol duration, e.g. for 15 KHz SCS as in LTE, no meaningful impact is expected. The applicability of OCC is also not affected. When the symbol duration becomes smaller, one symbol can be punctured as for eMTC in LTE. The smallest SCS where puncturing can begin to apply can be determined by RAN4 and 60 KHz or 120 KHz is a likely candidate. The transmission structure of the long PUCCH, in terms of DMRS and UCI symbols, does not need to be affected by the transient period. It is noted that a 1-symbol puncturing will effectively require 5 symbols for PUCCH transmission with frequency hopping but this also does not have any other impact.  
Observation 2: The transient period does not need to impact the long PUCCH structure.

2.2 Frequency Hopping (FH)
The PUCCH format for 1-2 bits supports UE multiplexing and therefore a UE-specific resource selection is not generally meaningful. Further, even for the minimum duration of 4 symbols and for low UE SINRs, the gains from improved channel estimation cannot always offset the well-known loss of ~2-3 dB from the lack of frequency diversity for target BLERs of 1% or 0.1% when sufficient frequency selectivity exists over the hopping BW (e.g. frequency selective channel and FH over RBs separated by at least a few MHz). However, it is also possible that PUCCH is transmitted over a frequency non-selective channel (e.g. with beamforming or with FH over RBs without sufficient frequency separation) or that the gNB obtains sufficient diversity through a large number of Rx antennas. In such cases it can be preferable to improve channel estimation. Also, PUCCH transmission without FH can minimize BW fragmentation and facilitate multiplexing of PUCCH transmissions with different durations (e.g. single-slot and multi-slot). Therefore, PUCCH transmission with/out FH should be configurable. 
Proposal 1: Intra-slot frequency hopping for long PUCCH conveying 1 or 2 UCI bits is configurable. 
For a PUCCH transmission over N symbols in a slot, frequency hopping should occur after the first ceil(N/2) (or floor(N/2)) symbols in order to maximize the SINR gains in the BLER performance.

Proposal 2: For a PUCCH transmission over N symbols in a slot, frequency hopping occurs after the first ceil(N/2) symbols. 

2.3 Multi-Slot Transmission
A multi-slot long PUCCH transmission (UE-specific, configured by higher layers or DCI), needs to address at least the following issues:

a) UE determination of slots available for PUCCH transmission.

b) UE determination of number/location of symbols per slot available for PUCCH transmission.

c) Frequency hopping.

d) Multiplexing of PUCCH and PUSCH transmissions from a UE.

Available Slots

Similar to PUCCH transmission with repetitions for eMTC UEs in LTE, the slots available for multi-slot PUCCH transmission can be configured by a bitmap. This can also address dynamic TDD operation. The bit-map configuration can also be disabled and in such case the slots available for PUCCH repetitions can be all slots for FDD operation or all UL slots as determined by a semi-static UL/DL slot configuration for TDD operation. 

In addition to semi-static configuration of the slots available for multi-slot PUCCH transmission, a dynamic configuration can be considered for dynamic TDD using the UE-group common PDCCH. However, this complicates the overall design without providing meaningful benefits. Further, when a UE fails to detect the UE-group common PDCCH, the UE should not transmit the PUCCH as the UE does not know the number of available UL slots and does not know when to terminate the PUCCH transmission as expected by the gNB. To avoid such issues, a semi-static configuration of the slots available for multi-slot PUCCH transmission needs to apply. 

Proposal 3: A UE can be configured by higher layers a bit-map indicating the slots available for PUCCH transmission. 
Available Symbols per Slot
For the determination of the number/location of symbols in a slot that are available for PUCCH transmission in the slot, either a single value can apply for all slots or a separate value can apply per slot (e.g. some slots can be full UL slots and some slots can be UL-centric slots or some slots can be with SRS transmissions and some slots can be without SRS transmissions). The preferred approach can depend on the system operation mode. For an LTE-like operation where the symbols/slots with SRS transmissions (and short PUCCH transmissions) are semi-statically configured or, for a flexible duplex system, the UL-centric slots and the UL-full slots are semi-statically configured, different symbols can be used per slot for PUCCH repetitions to utilize all available slot symbols. In that case, an explicit configuration for the number/locations of slot symbols is not needed and transmission can be similar to LTE (e.g. PUCCH transmission is punctured in symbols with SRS transmission). 
For a dynamic operation that includes dynamically configured SRS transmissions or dynamic switching of a slot between an UL-centric slot and an UL-full slot, a single configuration can apply for slot symbols available for PUCCH repetitions and underutilization of slot symbols can occur for a PUCCH repetition. However, this can avoid variations in UE multiplexing capacity per slot when OCC is used as it is subsequently discussed. The number/locations of slot symbols need to be explicitly configured. 
Proposal 4: A UE can be configured by higher layers the available symbols for PUCCH transmission in a slot. A single configuration applies for all slots for a multi-slot PUCCH transmission.  
Frequency Hopping
For single-slot PUCCH transmission, at most one hop is supported. This can be extended for multi-slot PUCCH transmission (slot repetitions). At least two options exist for determining where FH occurs. A first option, for a PUCCH transmission over N symbols, is for FH to occur after the first ceil(N/2) (or floor(N/2)) symbols. This results to a same rule as for single slot transmission. A second option, for a PUCCH transmission over M slots, is for FH to occur after the first ceil(M/2) (or floor(M/2)) slots. Assuming an even number of slots for PUCCH repetitions as in LTE, the two options result to the same structure when a same number of symbols are used for PUCCH transmission per slot but can result to different structures when a different number of symbols can be used for PUCCH transmission per slot. The second option can be preferable when a different number of symbols can be used for PUCCH transmission per slot as it avoids intra-slot fragmentation and allows for simpler FDM/CDM multiplexing with other PUCCH transmissions without resource waste.        

Proposal 5: A single frequency hop applies for multi-slot PUCCH transmissions.  
Proposal 6: Frequency hopping for a PUCCH transmission over N symbols in M slots applies after ceil(M/2) slots. 

Observation 3: When a number of available symbols for PUCCH transmission is same in each slot, Proposal 5 is equivalent to applying frequency hopping after ceil(N/2) symbols and can be accordingly revised to have a same description as for intra-slot frequency hopping.  

Simultaneous Transmissions
As a multi-slot PUCCH transmission is applicable to coverage limited UEs, simultaneous PUCCH and PUSCH transmissions need not be supported and scheduled PUSCH transmissions can be dropped as in LTE (unless a data service type has higher priority than HARQ-ACK in which case the PUCCH can be dropped). Additional issues, such as power control or MPR issues from having to support simultaneous PUCCH and PUSCH transmissions with different starting or ending slots from non-coverage limited UEs are also avoided. 

Proposal 7: A UE drops PUSCH/SRS transmissions when the UE transmits a PUCCH over multiple slots. 
OCC Length Variation

When a number of available symbols per slot for a multi-slot PUCCH transmission can vary among slots, UE multiplexing capacity per RB based on OCCs across symbols can also vary. This can complicate overall operation unless the gNB is restricted to always dimension the multiplexing according to the minimum OCC length (i.e. OCC of length 2 for PUCCH transmission over 4 symbols per slot). For example, a UE may need to change RBs between repetitions due to lack of multiplexing capacity in a slot and this can complicate channel estimation and limit gains from inter-slot DMRS filtering. 

Proposal 8: If the number of symbols for PUCCH transmission per slot can vary among slots, the number of available OCCs is same for all slots and corresponds to the smallest number of symbols. 

2.4 Retuning
When a PUCCH transmission frequency hops, the respective RBs can either be within a UE transmission BW capability or retuning can be required when the separation of RBs is larger than the UE transmission BW capability. For intra-band FH, the center frequency will be different before and after FH and a retuning time of 1-3 symbols (15 KHz SCS) is required [1]. Additional retuning is required when the UE has, for example, a PUSCH transmission in its BW part before or after the PUCCH transmission.  
A suggested advantage for applying retuning is that a multiplexing capacity per RB can increase as there can be more UEs to be configured a PUCCH resource in the same RBs. However, this is also possible if the RBs are located within a BW part that is not larger than the transmission BW capability of the UEs (minimum of 5 MHz, typical of 20 MHz for sub-6 GHz deployments). In that case, retuning due to PUCCH FH is not required. Additionally, as several symbols per slot can be lost for the various retuning operations, PUCCH coverage will be reduced. It is noted that retuning is not meaningful for the short PUCCH formats. 
Proposal 9: Frequency hopping for a PUCCH transmission is within the UE transmission BW capability. 
Retuning will be required when a BW part for a PUSCH transmission, before or after a PUCCH transmission, is not same as a BW part of the PUCCH transmission. The retuning delay can sometimes be absorbed by indicating an earlier end symbol (before the PUCCH) or a later start symbol (after the PUCCH) for the PUSCH transmission. However, this may not always be possible such as in case of an LTE-like timeline where PUSCH is transmitted prior to PUCCH and the UL grant scheduling the PUSCH is transmitted prior to DL grant triggering the PUCCH). 
When PUCCH and PUSCH ‘collisions’ occur due to retuning delays, puncturing PUSCH symbols or PUCCH symbols can be considered. PUCCH puncturing requires implicit or explicit OCC disabling as different UEs can have different numbers of PUCCH symbols depending on respective retuning requirements. It also increases UCI BLER although loss of transmission symbols can to some extent be compensated by increasing the transmission power. PUSCH puncturing can lead to data errors depending on the number of punctured symbols and the code rate. This issue can be concluded once the designs for the PUCCH, the PUSCH, and for UCI multiplexing in the PUSCH are finalized. 
Proposal 10: Conclude PUSCH-to-PUCCH and PUCCH-to-PUSCH retuning aspects after finalizing designs for PUCCH, PUSCH, and UCI multiplexing in PUSCH. 
3 Conclusions

This contribution considered aspects related to transmission and structure for the long PUCCH with UCI of 1-2 bits and proposes the following. 
Proposal 1: Intra-slot frequency hopping for long PUCCH conveying 1 or 2 UCI bits is configurable. 
Proposal 2: For a PUCCH transmission over N symbols in a slot, frequency hopping occurs after the first ceil(N/2) symbols. 

Proposal 3: A UE can be configured by higher layers a bit-map indicating the slots available for PUCCH transmission. 
Proposal 4: A UE can be configured by higher layers the available symbols for PUCCH transmission in a slot. A single configuration applies for all slots with repetitions of a PUCCH transmission.  
Proposal 5: A single frequency hop applies for multi-slot PUCCH transmissions.  
Proposal 6: Frequency hopping for a PUCCH transmission over N symbols in M slots applies after ceil(M/2) slots. 

Proposal 7: A UE drops PUSCH/SRS transmissions when the UE transmits a PUCCH over multiple slots. 
Proposal 8: If the number of symbols for PUCCH transmission per slot can vary among slots, the number of available OCCs is same for all slots and corresponds to the smallest number of symbols. 

Proposal 9: Frequency hopping for a PUCCH transmission is within the UE transmission BW capability. 
Proposal 10: Conclude PUSCH-to-PUCCH and PUCCH-to-PUSCH retuning aspects after finalizing designs for PUCCH, PUSCH, and UCI multiplexing in PUSCH. 
In addition, the following observations are made. 

Observation 1: There is no need to restrict DMRS transmission to occur only on odd or only on even PUCCH symbols.

Observation 2: The transient period does not need to impact the long PUCCH structure.

Observation 3: When a number of available symbols for PUCCH transmission is same in each slot, Proposal 5 is equivalent to applying frequency hopping after ceil(N/2) symbols and can be accordingly revised to have a same description as for intra-slot frequency hopping.  
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