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1 Introduction

The long PUCCH transmission and structure were discussed in previous RAN1 meetings and the following were agreed.

Agreements:
· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot

· FFS the set of supported values

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:
· 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 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
OCC Length Variation

As the number of symbols per slot for long PUCCH transmission can vary, UE multiplexing capacity per RB based on OCCs in the time domain can also vary. It is FFS whether the variation is semi-static or dynamic. In case of semi-static variation, operation can be as in LTE and the OCC length can be set according to the number of symbols. 
In case of dynamic variation, different OCC lengths can be applicable for each slot. This is also the case in LTE when the last subframe symbol is punctured. However, unlike LTE where an OCC length reduction does not change the number of OCCs used for orthogonal UE multiplexing, in NR it can be unavoidable that the number of OCCs is reduced when the OCC length is reduced. 
Whether or not an operation with variable number of OCCs per slot should be supported in NR when a PUCCH transmission spans multiple slots should be determined in conjunction with whether or not dynamic variation in the number of slot symbols is supported, the PUCCH resource allocation method, and the determination by the UE of the number of symbols per slot for PUCCH transmission over multiple slots. It is also noted that, for a configuration as in LTE, a network can effectively disable OCC functionality by setting 
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Proposal 1: For a PUCCH transmission over multiple slots, whether or not a number of OCCs can vary per slot should be determined in conjunction with the support of dynamic variation in the number of symbols per slot, the PUCCH resource allocation method, and the determination by the UE for the number of symbols per slot. 

PUCCH Structure
The PUCCH structure should be simple to define for an arbitrary number of symbols per slot, ranging from 4 to 14. It should also have an equal split, when possible (e.g. for an even total number of symbols), of DMRS symbols and UCI symbols as this is the optimal partitioning for transmission of 1 and 2 UCI bits. It should also minimize decoding latency by always having the last transmission symbol be a UCI symbol. A structure that satisfies the above and allows frequency hopping is obtained by repetitions of the {DMRS, UCI} symbol pair. In case of an odd number of symbols per slot, the unpaired (last) symbol can be used for UCI transmission. There is no identifiable benefit, while there are several disadvantages, from using structures that depend on the number of available slot symbols or using structures that fix the location of the DMRS.    
Proposal 2: The PUCCH format for transmission of 1 or 2 UCI bits uses repetitions of the {DMRS, UCI} symbol pair over the available number of slot symbols. For an odd number of symbols, the unpaired symbol carries UCI. 
Frequency Hopping

The PUCCH format for 1-2 bits will support UE multiplexing and therefore a UE-specific resource selection is not meaningful. Further, even for the minimum duration of 4 symbols, the gains from improved channel estimation cannot offset the loss due to the lack of frequency diversity for target BLERs of 1% or 0.1% [3]. Therefore, frequency hopping should be always possible to configure. However, in general, it should also be possible for a network to operate PUCCH transmissions without frequency hopping (e.g. to minimize BW fragmentation when UE coverage does not require the additional gains from frequency hopping over improved channel estimation) but this should not be restricted to any particular lengths for the PUCCH format for 1-2 bits. 

Proposal 3: Frequency hopping for the PUCCH format conveying 1 or 2 UCI bits can be enabled or disabled regardless of the number of slot symbols used for the PUCCH format transmission.
Retuning
When a PUCCH transmission frequency hops, the respective RBs can 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 frequency hopping, the center frequency will be different before and after the frequency hopping and a retuning time of 1-3 symbols (15 KHz SCS) is required [2]. 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 frequency hopping is not required. Additionally, as several symbols per slot can be lost for the various retuning operations, PUCCH coverage will be reduced. It may also not be possible to support frequency hopping for the smaller lengths of the PUCCH format (and, at the limit, retuning is not meaningful at all for the short PUCCH format). 
Proposal 4: Frequency hopping for a long PUCCH transmission is within the UE transmission BW capability is supported. Support for frequency hopping beyond the UE transmission BW capability is FFS. 
It is noted that 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. Depending on the scheduler operation, the retuning delay can 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 (e.g. an LTE-like timeline where a PUSCH is transmitted prior to PUCCH and the UL grant scheduling the PUSCH transmission is transmitted prior to DL grant configuring the PUCCH transmission). 
Observation: A scheduler can often avoid PUSCH-to-PUCCH or PUCCH-to-PUSCH collisions due to retuning.
Although a scheduler can avoid PUSCH-to-PUCCH and PUCCH-to-PUSCH collisions due to retuning (e.g. by adjusting the timing of the later transmission), some specification support is necessary as operation cannot always rely on the scheduler being able to avoid (partial) collisions due to retuning delays. Whether to puncture PUSCH symbols or PUCCH symbols can be considered. PUCCH puncturing will require implicit or explicit disabling of the OCC as different UEs can have different numbers of PUCCH symbols and can increase HARQ-ACK codeword BLER although loss of transmission symbols can to some extent be compensated by the TPC command. PUSCH puncturing can be more damaging as it can lead to data and/or UCI 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 5: Conclude PUSCH-to-PUCCH and PUCCH-to-PUSCH retuning aspects after finalizing designs for PUCCH, PUSCH, and UCI multiplexing in PUSCH. 
Multi-Slot Transmission
A multi-slot long PUCCH transmission (UE-specific, configured by higher layers or DCI), needs to address at least the following two issues:

a) Determination by the UE of symbols available for PUCCH repetitions.
b) Multiplexing with a PUSCH transmission.
For the first issue, the following can be further considered:

a) The UE assumes the same symbols in each slot for the multi-slot PUCCH transmission, for example in last M symbols from N symbols in a slot. This can be configured by higher layers or DCI. For example, for LTE-type FDD operation, M=N. For dynamic TDD operation and M=4, the UE can assume that the gNB will ensure that the last M=4 symbols in each slot are UL symbols. If the slots of a multi-slot PUCCH transmission cannot always be predetermined relative to the first slot (e.g. consecutive), a respective signaling is required.   
b) The UE is configured by higher layers a TDD LTE-like UL/DL configuration over a period/number of slots (and configured by higher layers or DCI a number of slots for a multi-slot PUCCH transmission).

c) The UE determines the ‘slot structure’ from UE-group common PDCCH. This allows full flexibility. When a UE fails to detect the UE-group common PDCCH, the UE may not transmit PUCCH. The overall effect on HARQ-ACK BLER is not significant as it is conditioned on the UE failing to detect UE-group common PDCCH (e.g. 1% probability for worst SINR UEs - much less for other UEs) and the gNB making an ACK-to-NACK or a NACK-to-ACK error (BLER will increase due to transmission absence is a slot but it is still likely to remain less than 10% given proper reception in some slots). 
d) Different approaches are suitable for different operating environments and network configuration can be beneficial.
For the second issue, assuming that multi-slot PUCCH transmissions are limited 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).

In general, multi-slot PUCCH transmissions are problematic and should be limited only to coverage limited UEs. It can be considered to not support multi-slot PUCCH transmissions in conjunction with dynamic TDD in NR Phase 1. This will eliminate a need to design signaling for indicating available slots and available symbols per slot or for operating with a variable number of OCCs per slot. 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. An increase in HARQ-ACK feedback latency that reduces data rates and/or complicates HARQ buffer management at a UE is also avoided. 

Proposal 6: NR designs minimize a need for multi-slot PUCCH transmissions. 
3 Conclusions

This contribution considered aspects related to transmission and structure for the long PUCCH for UCI of 1-2 bits and proposes the following. 
Proposal 1: For a PUCCH transmission over multiple slots, whether or not a number of OCCs can vary per slot should be determined in conjunction with the support of dynamic variation in the number of symbols per slot, the PUCCH resource allocation method, and the determination by the UE for the number of symbols per slot. 

Proposal 2: The PUCCH format for transmission of 1 or 2 UCI bits uses repetitions of the {DMRS, UCI} symbol pair over the available number of slot symbols. For an odd number of symbols, the unpaired symbol carries UCI. 
Proposal 3: Frequency hopping for the PUCCH format conveying 1 or 2 UCI bits can be enabled or disabled regardless of the number of slot symbols used for the PUCCH format transmission.
Proposal 4: Frequency hopping for a long PUCCH transmission is within the UE transmission BW capability is supported. Support for frequency hopping beyond the UE transmission BW capability is FFS. 
Proposal 5: Conclude PUSCH-to-PUCCH and PUCCH-to-PUSCH retuning aspects after finalizing designs for PUCCH, PUSCH, and UCI multiplexing in PUSCH. 
Proposal 6: NR designs minimize a need for multi-slot PUCCH transmissions. 
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