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1.	Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. Frequency ranges up to 52.6 GHz are considered under the NR work item.
In this contribution, we provide our views related to the design of long PUCCH formats for small payloads. Our views related to the generic design of long PUCCH are presented in companion contributions [3] and [4] and the long PUCCH format design for large UCI payloads in [5]. We consider PUCCH formats for small UCI excluding SR-alone case in Section 2, and SR-alone case separately in Section 3.
2.	Long PUCCH format for small UCI payload excluding SR-alone case 
It can be noted that LTE PUCCH and NR long PUCCH share multiple design principles:
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· For PUCCH in long-duration, at least DFT-S-OFDM waveform is supported.
As the multiplexing solutions for LTE PUCCH have been designed to support these design principles, they form a good starting point also for NR. It should be also noted that the LTE PUCCH multiplexing solutions can be applied also with CP-OFDM. Hence we see that LTE PUCCH multiplexing solutions should be considered also for NR PUCCH. 
Based on the LTE PUCCH design, the main multiplexing options available for small UCI payloads are:
a) LTE PUCCH format 1/1a/1b, that is, CDM based on a combination of CAZAC sequences and orthogonal cover code (OCC) in time. This option provides a very high multiplexing capacity for UCI payload of 1-2 bits. 
b) LTE PUCCH format 2/2a/2b, that is, CDM based on CAZAC sequences. The main benefit of this approach is that it is very flexible e.g. in terms of available symbols.
The main difference between LTE PUCCH format 1/1a/1b and LTE PUCCH format 2 is the application of OCC across DFT-S-OFDM symbols in the LTE PUCCH format 1/1a/1b. 
When considering application of inter-symbol OCC, one of the challenges in the format design for long PUCCH is the need to support various PUCCH lengths together with intra-TTI slot frequency-hopping. PUCCH format supporting coherent detection is needed to support efficiently UCI payloads of more than 1 or 2 bits. Coherent detection requires separate symbols for UCI data and demodulation reference signal on each frequency hop. Data and reference signal symbols are TDMed at least for DFT-S-OFDM. This means that long PUCCH needs to be divided into at least 4 portions (to have 2 hops with separate data and RS symbols). Inter-symbol orthogonal cover code can be applied only within a portion having multiple symbols. This leads to limitations on minimum PUCCH length on which inter-symbol OCC can be applied. As an example, let’s assume a format resembling LTE PUCCH Format 1a/1b, that is, OCC is applied separately across DMRS symbols and data symbols. In the case of OCC of length 2, this means minimum PUCCH length of 8 symbols with 2 data symbols and 2 DMRS symbols per frequency hop. The multiplexing capacity benefit achievable via OCC are illustrated in Table 1 for different long PUCCH lengths. In the table, it is assumed that roughly half of DFT-S-OFDM symbols are used for DMRS. It is seen that inter-symbol OCC is not a feasible multiplexing method for long PUCCH with coherent detection in case of 7-symbol slot. On other hand, for long PUCCH durations of 8 to 14 symbols it can provide remarkable benefits on maximum multiplexing capacity. Of course, the multiplexing capacity achievable in practice depends on the isolation between cyclic shifts affected e.g. by channel delay profile and UL timing accuracy. 
Table 1. Maximum multiplexing capacity per PRB for PUCCH formats based on modulated CAZAC sequences or on combination of modulated CAZAC sequences and OCC.
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However, one should note the differences in PUCCH resource allocation between LTE and NR. In LTE, PUCCH Format 1a/1b resources are implicitly allocated based on DL grant CCE allocation. As consequence, there is a PUCCH Format 1a/1b resource associated also for each UL grant as well as for each aggregated CCE of DL grants using more than 1 CCE. Obviously, these are not used for actual PUCCH transmission and available PUCCH Format 1a/1b resources are highly over-dimensioned in comparison to the actual used resource. Hence highly efficient multiplexing of PUCCH Format 1a/1b is paramount for LTE.  
In NR, a PUCCH resource is indicated in DL grant to the UE from a set of higher layer configured PUCCH resources. This allows for more efficient use of PUCCH resources. Another aspect to consider is the support for code block group (CBG) based HARQ feedback as well as for HARQ feedback multiplexing for multiple PDSCHs of one or more carriers, both agreed in RAN1#88bis [6]. Both of these aspects reduce the importance of achieving maximum multiplexing capacity for 1 or 2 bit HARQ feedback. On the other hand, long PUCCH format of supporting few – more than two - HARQ-ACK bits with high multiplexing capacity is needed due to changes in HARQ feedback. 
When OCC is not applied, the payload scales with the number of available symbols. There are also possibilities to increase supported payload e.g. by allocating multiple cyclic shifts or resources to single user in case of short duration of long PUCCH. The multiple cyclic shifts or resources can be used either for simultaneous transmission or for resource selection to increase the supported payload. Of course, the payload increase comes with a price, which in this case is increase in PAPR and decrease in multiplexing capacity. 
Due to sufficiently high multiplexing capacity, simple scalability for different long PUCCH durations as well as potential to support payloads more than 2 bits, we see CDM based on CAZAC sequences as an attractive multiplexing solution for small UCI payloads.        
Proposal 1: Multiplexing operation is confined within each symbol for PUCCH formats designed for coherent detection.  
Proposal 2: Long PUCCH format using CDM only based on CAZAC sequences is defined for small UCI payloads. 
Another aspect to consider is the suitable DMRS overhead for the small payload long PUCCH format – how many symbols are allocated for DMRS. In LTE PUCCH format 1a/1b with normal CP, 43-46% of resources are used for DMRS. In the case LTE PUCCH format 2, 29% of resources are used for DMRS. 
As NR long PUCCH format for small UCI payload needs to support down to 1 bit payload for cell edge conditions, we see that DMRS overhead in range of 40%-50% need to be supported (E.g. 40% with 5-symbol long PUCCH with 2 symbols allocated for DMRS; 50% with long PUCCH having even number symbols). Of course, smaller DMRS overhead could be considered for larger payloads for optimized performance. However, we do not see this optimization necessary given the associated increase in system complexity and implementation effort. Hence, we propose that DMRS does not depend on the actual payload size on the long PUCCH format used for small UCI payloads. Further, we do not see any need for fine tuning DMRS overhead and, hence, full OFDM symbols can be allocated for DMRS.     
Proposal 3: In long PUCCH format for small UCI payloads, 40%-50% of resources are allocated for DMRS depending on the long PUCCH duration. 
Proposal 4: Full OFDM symbols are allocated for DMRS. 
With the symbol based frequency hopping, proposed in the companion contribution [3], and multiplexing operation confined within each symbol, simple scalability in terms of long PUCCH durations is achieved as illustrated in Table 2. 


Table 2. Small UCI payload PUCCH formats for different long PUCCH durations.
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3.	Long PUCCH format for scheduling request 
In above, small UCI containing few bits for HARQ feedback and benefiting from coherent detection was discussed. However, a separate consideration is needed for scheduling request, especially when transmitted alone:
· SR in its simplest form of an on/off signal does not benefit from coherent detection and does not require separate resources for data and demodulation reference signal. 
· SR opportunity needs to be provided for a considerably larger number of UEs than for HARQ feedback and/or CSI. HARQ feedback is needed only for those UEs that are actively scheduled, while SR resource is allocated typically for all or most of UEs connected to the cell. Further, short SR opportunity periodicities should be supported, so that reasonably short latency can be achieved also with the scheduled uplink access.  
· When SR opportunity coincides with HARQ feedback and/or CSI transmission, SR bit can be multiplexed and transmitted together with the HARQ feedback and/or CSI transmission
Hence we see that a separate PUCCH format with high multiplexing capacity is needed for scheduling request. We see that inter-symbol OCC can be used on top of CDM based on CAZAC sequences to increase multiplexing capacity as the format is designed for non-coherent detection. With non-coherent detection, the long PUCCH would be divided into only two parts to support frequency hopping. This allows for supporting inter-symbol OCC with acceptable specification and implementation efforts also for various long PUCCH lengths. Inter-symbol OCC increases significantly even with relatively small number of PUCCH symbols. Already with 4 symbol PUCCH length (2 symbols per frequency hop), inter-symbol OCC doubles the multiplexing capacity.
Proposal 5: Long PUCCH format using CDM based on a combination of CAZAC sequences and inter-symbol OCC is defined for SR-only transmissions.
During NR SI [6], it was agreed that transmit antenna diversity is supported for long PUCCH. In RAN1#88bis meeting, , the following schemes were identified a candidates for transmit diversity: low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD. All these schemes maintain the favorable CM properties of DFT-S-OFDM.
Transmit diversity for scheduling request using on/off-keying requires specific considerations: STBC or SFBC based on Alamouti coding and requiring even number of symbols/subcarriers cannot be applied to SR using simple sequence transmission as such. Precoder cycling do not maintain orthogonality of OCC that can be used with SR to achieve high multiplexing capacity. Hence, long PUCCH format for SR requires a specific transmit diversity scheme that can be different from transmit diversity scheme applied for other PUCCH formats. SORTD remains as feasible transmit diversity scheme for the SR-only PUCCH format. It achieves full diversity gain and is simple to implement for both UE and gNB, However, the downside is that it requires double amount of PUCCH resources. 
Proposal 6: Long PUCCH format for scheduling request uses SORTD.  
4.	Conclusions
In this contribution, we have considered the multiplexing solutions for long PUCCH for small UCI payloads. Based on the discussion, we make the following proposals and observation:
Proposal 1: Multiplexing operation is confined within each symbol for PUCCH formats designed for coherent detection.  
Proposal 2: Long PUCCH format using CDM only based on CAZAC sequences is defined for small UCI payloads. 
Proposal 3: In long PUCCH format for small UCI payloads, 40%-50% of resources are allocated for DMRS depending on the long PUCCH duration. 
Proposal 4: Full OFDM symbols are allocated for DMRS. 
Proposal 5: Long PUCCH format using CDM based on a combination of CAZAC sequences and inter-symbol OCC is defined for SR-only transmissions.
Proposal 6: Long PUCCH format for scheduling request uses SORTD.  
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