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1 Introduction

This contribution is a re-submission of R1-1716057. 

In RAN1 #87, following agreements have been achieved regarding the design of NR PUCCH.
Agreements:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests

· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data

· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data

· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

· 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’

· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

In RAN1 #88, following agreements and conclusions have been reached regarding the resource allocation of NR PUCCH.
Conclusion:

· To determine the time resource for long duration PUCCH in a slot, study further

· Option 1: explicit and dynamic indication

· Option 2: explicit semi-static configuration

· Option 3: implicit determination

· Or a combination thereof

Agreements:
· 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

In RAN1 #89, following agreements have been achieved regarding frequency-hopping of PUCCH.
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.
In this contribution, based on the agreements already reached regarding NR PUCCH design, we analyze the issues caused by applying the PUCCH resource allocation scheme of LTE directly in NR, and propose a subband-based resource allocation and indication scheme for NR PUCCH.
2 Background
In LTE, the PUCCH region is normally configured to be on the edges of the system bandwidth. This resource allocation design has following advantages [1],

·  Frequency diversity achieved by frequency hopping is maximized by allowing hopping from one edge of the band to the other.

·  It benefits the PUSCH performance and imposes fewer restrictions on PUSCH scheduling. Uplink data rate can be maximized since allocating the PUCCH on the band edges leaves the entire central portion of the band to a single UE for PUSCH transmission. It also imposes fewer constraints on the uplink data scheduling with and without inter/intra-subframe frequency hopping.
·  Out-Of-Band can be minimized since the PUCCH regions can serve as a guard band between the wider-bandwidth PUSCH transmissions of adjacent carriers.

However, it might not be appropriate to directly reuse this design in 5G NR without any improvement for following reasons 
1. The system bandwidth of 5G NR is relatively large. UEs designed for different application scenarios might have different bandwidths, which can be smaller than the system bandwidth. If we reuse the LTE design and allocate the PUCCH regions on the edges of system bandwidth, UE with smaller bandwidth needs to switch band for frequency hopping. Transmissions might be interrupted during the switching time, decreasing the system efficiency, as shown in Figure 1. According to the agreement in RAN1 #89, the feasibility and impact of frequency hopping across maximum UE transmission bandwidth capability is still under evaluation.
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Figure 1: Illustration of interrupted PUCCH transmission of UE whose bandwidth is smaller than the system bandwidth, where PUCCH in allocated on the edges of the system bandwidth
2. If we inherit the design concept of PUCCH resource allocation in LTE and make some alterations for NR systems, the PUCCH region can be allocated on the edges of UE RF bandwidth instead of the system bandwidth. However, this design still has some deficits. If no constraint is imposed on uplink scheduling, the PUCCH regions can locate anywhere within the system bandwidth, creating many fragments in the uplink spectrum. 
a)  For UE with DFT-s-OFDM uplink signals, the fragmentation of the uplink spectrum makes it unrealistic to utilize large contiguous bandwidths in most cases, limiting the uplink data rate and reducing the system efficiency

b) For UE with CP-OFDM uplink signals, they still utilize the PRBs not occupied by other UEs’ PUCCH regions and achieve relative high data rate. However, when a large contiguous bandwidth is needed for a UE’s PUSCH transmission and localized PRB mapping is adopted, there is a high probability that the frequency allocation of this UE’s PUSCH may collide with that of other UEs’ PUCCH. In this case, the UE with PUSCH transmission should be informed of the PUCCH locations so that these regions can be punctured and rate matching could be done. If too many uplink fragments are created by uplink scheduling, a large overhead to inform the UE with PUSCH transmission will incur.

Proposal 1: When designing the locations of PUCCH regions in NR, at least following two factors should be taken into considerations. 
1) UEs in NR systems may have different bandwidths, which might be smaller than the system bandwidth. The design of PUCCH allocation should guarantee the continuous uplink transmission for such UEs, at least when DFT-s-OFDM is applied.
2) The number of fragments created by PUCCH scheduling in uplink spectrum should be kept to a relatively low level so that the uplink efficiency can be enhanced and small overhead for PUSCH scheduling can be achieved.
3 Discussion on NR PUCCH resource allocation and indication 
In this contribution, a design for PUCCH resource allocation in frequency domain is proposed. Corresponding procedure to indicate UE of its PUCCH resource is also provided. 
3.1  PUCCH resource allocation

In order to guarantee continuous uplink transmission for UE whose bandwidth is smaller than the system bandwidth and keep the number of fragments created by PUCCH scheduling in uplink spectrum small, a set of PUCCH resources can be created. A simple approach to create this set is select several ‘subbands’ within the whole system bandwidth, where the edges of these subbands can serve as candidates for PUCCH. The principles of selecting the subbands may contain but not limited to
1. The bandwidth of the smallest subband within this set should be equal or smaller than the smallest UE bandwidth within the cell if PUCCH frequency hopping is enabled. Moreover, the bandwidth of the subband should be large enough to provide sufficient frequency diversity gain when inter/intra-slot frequency hopping is enabled for PUCCH transmission. If there exist UEs with large uplink data rate requirement, the pool should contain subbands close to one edge of the system bandwidth. 

2. The PUCCH capacity should be considered. If PUCCH is the bottleneck for the system capacity, more candidate regions should be included in the pool to increase the number of UEs that can be accommodated at the same time. However, a tradeoff between PUCCH capacity and the number of fragments created by adding more candidates within the set should also be considered.
An example of such subbands selection is given in Figure 2, where the whole system bandwidth is 100 MHz. Assuming UEs served by the cell either have bandwidth of 20 MHz or 100 MHz, five subbands, S0, S1, S2, S3 and S4, are selected as follows.  
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Figure 2: An example of PUCCH  Set
It should be noted that,
1. UEs with 20 MHz bandwidth can transmit their PUCCH on the edges of S0, S1, S2, or S3.
a)   If there exists UE with high data rate requirement, UEs with 20 MHz bandwidth can be scheduled on either S0 or S3, where a large contiguous bandwidth can be allocated to the user with high data rate requirement. 
b)   If there is no user with high data rate requirement, the edges of all 4 subbands can be used by PUCCH, and the PUCCH capacity can be enhanced.
2. If UEs with 100 MHz bandwidth can transmit their PUCCH on the edges of S0, S1, S2, S3 or S4.

c)  If capacity is not an issue for such UEs, they can transmit PUCCH the edge of S4, achieving the maximal frequency diversity gain. 
d)  If the edges of S4 is overcrowded by UEs with 100 MHz bandwidth, the PUCCH of these UEs can be allocated at the edge of S0, S1, S2, or S3.
3. This set design can degenerate into the LTE PUCCH resource allocation design when it only contains one subband-the whole system bandwidth.

4. The set itself may subject to change according to the scheduling situation in the cell. Once it is changed, UEs within the cell should be properly informed (as shown in the next section).

3.2 PUCCH resource indication

The set of PUCCH resources can be either cell-specific or UE-specific. Therefore, the information of the PUCCH set can be contained in either SIB or RRC configurations. After UE obtains the set information, indication messages are needed to specific which subband within the set is selected, and which resource (frequency, time or even code resource) within edges of the selected subband is used to carry the UCI. The selection of subband and resource within the subband can be jointly or separately indicated, and the indication can be either

1. Implicit: the design concept of format 1a/1b in LTE can be borrowed, where the indications of subband selection and the resource within the subband can be derived from other related information, such as the number of first CCE of PDCCH used to schedule the PDSCH whose ACK/NACK the PUCCH is trying the feedback.
2. Explicit: if the explicit indication method is used, the indication message can be either contained in the RRC configuration if the resource allocation is relatively static and does not need to change frequently, or contained in DCI used to schedule the PUCCH, or a combination of RRC and DCI, if the PUCCH resource need to be changed dynamically upon each transmission.
It should be noted that when the RRC connection has not been established and UE still need to transmit PUCCH such as ACK/NACK for Msg. 4, how to indicate needs to be further studied. 
Proposal 2: 
·  NR supports PUCCH resource allocation in following manners 

· A set of PUCCH resources are configured by higher layer signaling, and can be cell-specific or UE-specific. The minimum UE RF bandwidth and the capacity requirement of PUCCH should be considered when designing the set. 

·   A PUCCH resource within the configured resource set is indicated to the UE implicitly or explicitly. For the explicit case, the resource can be indicated by RRC configurations or DCI, or a combination of both.
4 Conclusions
Proposal 1: When designing the locations of PUCCH regions in NR, at least following two factors should be taken into considerations. 

1) UEs in NR systems may have different bandwidths, which might be smaller than the system bandwidth. The design of PUCCH allocation should guarantee the continuous uplink transmission for such UEs, at least when DFT-s-OFDM is applied.
2) The number of fragments created by PUCCH scheduling in uplink spectrum should be kept to a relatively low level so that the uplink efficiency can be enhanced and small overhead for PUSCH scheduling can be achieved.
Proposal 2: 
·  NR supports PUCCH resource allocation in following manners 

· A set of PUCCH resources are configured by higher layer signaling, and can be cell-specific or UE-specific. The minimum UE RF bandwidth and the capacity requirement of PUCCH should be considered when designing the set. 

  A PUCCH resource within the configured resource set is indicated to the UE implicitly or explicitly. For the explicit case, the resource can be indicated by RRC configurations or DCI, or a combination of both.
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