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1.	Introduction
Rel-14 NR study item‎[1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology‎[2] has been approved. The work item targets to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in‎[3]. The NR under this work item considers frequency ranges up to 52.6 GHz.
This contribution relates to open issues on PUCCH design. Specifically, we consider the following two aspects of PUCCH:
· PUCCH resource allocation.
· Transmit diversity schemes for short and long PUCCH.

Regarding PUCCH resource allocation, in the previous RAN1 meeting, the following agreement related to the parameters needed to identify a PUCCH resource was made ‎[4]:
Agreements:
· In order to identify PUCCH resource, at least following are known by the UE:
· PUCCH format
· Starting symbol in a slot
· Which slot(s) the PUCCH is transmitted
· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· No additional parameters are identified
· For 2-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,
· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· Sequence/code index
· OCC and, e.g., cyclic-shift
· [bookmark: _Hlk491366649]Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,
· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,
· FFS: details
· FFS: for transmit diversity
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

Furthermore, in earlier meetings, the following agreements related to short PUCCH were made ‎[4], ‎[5]:
Agreements:  ‎[5]
· At least semi-static configuration for the following is supported: A PUCCH resource of a given UE within a slot (i.e. short-PUCCHs of different UEs) can be TDM’ed within the given duration in a slot).
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

Agreements: ‎[6]
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms.
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping.

Regarding PUCCH transmit diversity, the following agreements were made in earlier meetings:
Agreements ‎[4] (transmit diversity on PUSCH with DFT-s-OFDM waveform):
· For DFTsOFDM waveform based PUSCH, further consider the following alternatives:
· Alt. 1: Alamouti-based transmit diversity is supported for PUSCH with DFTsOFDM 
· Note: there are several possible schemes proposed in various contributions. 
· FFS exact scheme with the aim to finalize in the next meeting
· Alt. 2: Time domain beam/precoder cycling is supported for PUSCH with DFTsOFDM
· FFS exact scheme with the aim to finalize in the next meeting
· If Alt 1 and Alt 2 is not supported or either of them is supported and is not configured
· Alt. 3: For NR in Rel-15, UL transmit diversity is not explicitly supported for PUSCH with DFTsOFDM.
· Companies are encouraged to further perform analysis and evaluations (link and/or system-level) regarding the above schemes
Agreements ‎[7]:
· For DFTsOFDM in long-PUCCH, the following schemes are 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
· FFS: for which PUCCH format and/or payload size 
· Other schemes with low PAPR are not precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.

2.	Discussion 
2.1	PUCCH Resource allocation
One of the open points from the last meeting is the signaling aspects for identifying the PUCCH resource (implicit, explicit, table, etc). From earlier meeting agreements, the delay between DL data (PDSCH) reception and acknowledgement transmission in UL is indicated by a field in the DCI from a set of values configured by higher layer. This provides the slot timing for HARQ-ACK resources.
Another agreement is that a combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’. This provides an indication scheme at least for frequency and time domain resources on long and short PUCCH formats.
Based on the discussion above, there seems to be sufficient agreements in place already to define PUCCH resource allocation for HARQ-ACK. This covers both slot based and mini-slot based scheduling. 
Observation #1: Most of PUCCH resource allocation solution for slot based scheduling is in place already.
One of the open issues with PUCCH resource allocation relates to the case where the dedicated PUCCH resources are unknown to the UE. This kind of scenario happens e.g. after initial access before RRC connection has been established. Two solution principles were identified in RAN1#88‎[6]: resource allocation via explicit signaling or via implicit resource mapping. 
As the baseline resource allocation solution is based on explicit signaling, we see that the approach can be easily extended also to the case where UE has not yet received UE-specific configuration of PUCCH resources. The extension could simply be that a few cell-specific PUCCH resource set are made available for these cases. The sets would be predetermined, and a set would be indicated to UE with couple of bits e.g. in random access response. UE would use this set of PUCCH resources until it is configured with a dedicated set of PUCCH resources via higher layer signaling.   
On other hand, we think that implicit determination is not a good approach for this scenario. This is rather limited scenario, and it is simply not worth to specify whole implicit resource allocation mechanism, increasing system complexity, for such limited usage. Despite of limited usage, it would still have the main drawbacks of implicit resource allocation: it easily results in excessive resource consumption or fragmentation and creates scheduler restrictions when combined with dynamic HARQ timing. We don’t see a need for implicit HARQ-ACK resource allocation in the NR. 
Proposal #1: Define a few predetermined sets of PUCCH HARQ-ACK resources for the case when the dedicated resources are unknown to UE.
Proposal #2: One of the predetermined sets is indicated to UE during random access procedure.
Proposal #3: Implicit HARQ-ACK resource allocation is not supported in NR.
Another open issue on PUCCH resource allocation relates to the configuration of PUCCH resource set as well as to the size of PUCCH resource set, corresponding to the DCI field size used to dynamically indicate the used PUCCH resource. The key motivation for the dynamic resource indication is to allow a certain PUCCH resource to be configured to multiple UEs, hence, improving UL resource usage while avoiding significant DL scheduling restrictions caused by avoidance of multiple UEs reporting their HARQ feedback on the same PUCCH resource.  
In addition to the avoidance of PUCCH collisions, there are also other situations where PUCCH resource configuration need to be changed (not only for HARQ-ACK but also for periodic PUCCH resources like SR) for a UE: 
· UEs will move in and out from cell, as well as change their RRC state, causing variations on the number of UEs connected to the cell. This means need to re-arrange the PUCCH resource configurations to reduce fragmentation of UL resources. 
· Path loss will change with the movement of UE. This means that UE may need change resources from short PUCCH to long PUCCH or vice versa.
· The number of actually reported HARQ-ACK bits changes in CA not only with scheduling decisions but also with the activation/de-activation of SCells. In the case that HARQ-ACK codebook is agreed to adapt to the number of active SCells, it is attractive to support also the adaptation of the used PUCCH resources to the number of activate SCells.  
There are several ways to change or select a different PUCCH resource configuration:
· By RRC reconfiguration. However, this leads to considerable signaling overhead, especially if PUCCH resources need to be rearranged for multiple UEs.
· By extending dynamic indication in DCI, that is, by extending the set of configured PUCCH resources as well as DCI field for dynamic indication of PUCCH resource. However, this leads to unnecessary increase in DCI overhead that is always present when UE is scheduled – also when there is no need to change PUCCH resource configuration. Additionally, this mechanism is not applicable for periodic PUCCH resources.  
· Configuring multiple PUCCH resource sets and selecting dynamically the used PUCCH resource set based on the size of dynamically adapted HARQ-ACK codebook (as is done in LTE for PUCCH formats 3 and 4/5). However, this mechanism applies only to the changes on the HARQ feedback size.
· By MAC signaling. UE would be configured with multiple sets of PUCCH resources via RRC, and MAC CE would be used to select one PUCCH resource set. DCI field would be used to select the PUCCH resource used for HARQ feedback. This is illustrated in Figure 1. 
From the mechanisms above, we see the use of MAC signaling attractive as it provides sufficient flexibility without increasing DCI size. It is also sufficiently reliable. However, the signaling latency should be aligned with the latency of SCell activation/deactivation. Hence the design depends on the CA design.   
Proposal #4: Set of PUCCH resources for HARQ feedback can be selected from RRC configured PUCCH resource sets [by MAC signaling].
Proposal #5: Periodic PUCCH resource can be selected from RRC configured PUCCH resource set by MAC signaling.
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Figure 1. Flexible selection of PUCCH resource configuration by MAC signaling.
In the previous meeting, a list of parameters need to identify the PUCCH resource was agreed. In addition to those parameters, we see the need for the following parameters:
1. In case of short PUCCH with more than two bits and long PUCCH with large UCI payload and no code multiplexing capacity, the DMRS antenna port. This allows for spatial multiplexing of users
2. In the previous meeting, it was agreed to support a long PUCCH format with moderate payload and some multiplexing capacity. In addition to the parameters needed to identify the long PUCCH, a PUCCH resource with moderate UCI payload is also identified by an additional parameter to determine the PUCCH resource within a time-frequency resource allocated to the long PUCCH. The details of this parameter depend on the multiplexing scheme for long PUCCH with moderate payload.

Proposal #6:
The following parameters are required to identify a PUCCH resource:
1. For short PUCCH with more than two bits and long PUCCH with large UCI payload and no code multiplexing capacity: DMRS antenna port.
2. For long PUCCH with moderate UCI payload: parameter to determine the PUCCH resource within a time-frequency resource allocated to long PUCCH. Details of this parameter are FFS.
2.2	Transmit Diversity
2.2.1	Short PUCCH with small payload and scheduling request
In RAN1#NR-AH2 ‎[5], the working assumption for one-symbol short PUCCH with small payload is:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 [sequence selection] is supported.

With option 4, SORTD (Spatial Orthogonal Resource Transmit Diversity) seems to be a reasonable option to use for transmit diversity.

Proposal #7: SORTD is considered for transmit diversity for short PUCCH with small payload (UCI is 1 or 2 bits) and for PUCCH with scheduling request.
2.2.2	Short PUCCH with large payload
Short PUCCH payload may be only a few bits and, correspondingly, the resource allocation size might span a few PRBs, e.g. 4 PRBs. Furthermore, distributed allocation may be applied to benefit from frequency diversity. Consequently, there may be only a small number e.g. 2 PRBs allocated continuously to the UE. This is quite narrow allocation for one-port transmit diversity schemes like precoder cycling to provide transmit diversity without leading to significant loss on channel estimation. Instead, we see SFBC as a natural transmit diversity option also for short PUCCH at least for UCI payloads >2 bits. It provides also a scalable solution for both 1-symbol and 2-symbol scenarios. 
Proposal #8: SFBC is considered for short PUCCH transmit diversity with UCI > 2 bits.  
2.2.3	Long PUCCH with small payload and scheduling Request
During NR SI ‎[2], it was agreed that transmit antenna diversity is supported for long PUCCH. In RAN1#88bis meeting ‎[4], 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 (Spatial Orthogonal Resource Transmit Diversity). All these schemes maintain the favorable CM properties of DFT-S-OFDM.
Furthermore, in RAN1#89 ‎[8] the following agreement was made:
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

Transmit diversity for small UCI payload using BPSK/QPSK modulated sequences and 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 small UCI payload or SR using simple sequence transmission as such. Precoder cycling do not maintain orthogonality of OCC that can be used with small UCI payload or SR to achieve high multiplexing capacity. Hence, long PUCCH format for small UCI payload and SR requires a specific transmit diversity scheme that can be different from transmit diversity scheme applied for long PUCCH with large UCI payload. SORTD remains as feasible transmit diversity scheme for long PUCCH with small UCI payload and for long PUCCH with SR. 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 #9: Long PUCCH format for small UCI payload and long PUCCH for scheduling request uses SORTD.  
2.2.4	Long PUCCH with moderate payload
In the last RAN1 meeting ‎[4], it was agreed that a long PUCCH format with moderate UCI payload and some multiplexing capacity will be supported. However, the scheme used to multiplex these users in a time-frequency resource is FFS. As the multiplexing scheme could influence transmit diversity, after agreeing on the multiplexing scheme we could consider the transmit diversity scheme.
2.2.5	Long PUCCH with large payload
The proposed long PUCCH format for large UCI payloads is essentially a slightly modified PUSCH that is preconfigured and dynamically selected via DL grant. Hence it makes sense to maintain high commonality between the large payload PUCCH format and NR PUSCH. Hence, we propose that Long PUCCH format for large UCI payloads applies the same transmit diversity scheme as NR PUSCH. As noted in the introductory section, three alternatives (including no transmit diversity) are under consideration for PUSCH with DFT-s-OFDM waveform.
Proposal #10: Long PUCCH format for large UCI payloads applies the same transmit diversity scheme as PUSCH.
3.	Conclusions
In this contribution, we have discussed open items related to PUCCH resource allocation for HARQ feedback in the NR. Based on the discussion, we make the following observations and proposals:
Observation #1: Most of PUCCH resource allocation solution for slot based scheduling is in place already.
Proposal #1: Define a few predetermined sets of PUCCH HARQ-ACK resources for the case when the dedicated resources are unknown to UE.
Proposal #2: One of the predetermined sets is indicated to UE during random access procedure.
Proposal #3: Implicit HARQ-ACK resource allocation is not supported in NR.
Proposal #4: Set of PUCCH resources for HARQ feedback can be selected from RRC configured PUCCH resource sets [by MAC signaling].
[bookmark: _GoBack]Proposal #5: Periodic PUCCH resource can be selected from RRC configured PUCCH resource set by MAC signaling.
Proposal #6:
The following parameters are required to identify a PUCCH resource:
1. For short PUCCH with more than two bits and long PUCCH with large UCI payload and no code multiplexing capacity: DMRS antenna port.
2. For long PUCCH with moderate UCI payload: parameter to determine the PUCCH resource within a time-frequency resource allocated to long PUCCH. Details of this parameter are FFS.

In this contribution, we also discussed transmit diversity for PUCCH, the following proposals have been made:
Proposal #7: SORTD is considered for short PUCCH transmit diversity with small payload (UCI is 1 or 2 bits).
Proposal #8: SFBC is considered for short PUCCH transmit diversity with UCI > 2 bits.  
Proposal #9: Long PUCCH format for small UCI payload and long PUCCH for scheduling request uses SORTD.  
Proposal #10: Long PUCCH format for large UCI payloads applies the same transmit diversity scheme as PUSCH.
Table 1 summarizes the PUCCH transmit diversity schemes.
[bookmark: _Ref485134684]Table 1: PUCCH transmit diversity schemes.
	Format
	Trasmit diversity Scheme

	Short PUCCH with small UCI payload (1 or 2 bits)
Short PUCCH with scheduling request
	SORTD

	Short PUCCH with large UCI payload (> 2 bits)
	SFBC

	Long PUCCH with small UCI payload (1 or 2 bits)
Long PUCCH with scheduling request
	SORTD

	Long PUCCH with large UCI payload (> 2 bits)
	Same transmit diversity scheme as PUSCH
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