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1. Introduction

In RAN1 #90bis meeting, the following agreements were made on the resource allocation for NR PUCCH [1].

	Agreements;

Table 1 contains the parameters configured in PUCCH resource sets. That means: For each parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used. An entry in the PUCCH resource set corresponds to one column in the table 1. This resource is defined by some parameters which are the rows of the table

· Note 1: RAN1 needs to further study if the resources of some formats in Table 1 are jointly configured in a resource set.

· Note 2:  In Table 1, a parameter with “FFS: special values for implicit derivation” or “FFS if implicit derivation is also used” implies that Ran 1 needs further discussion to determine if implicit and/or explicit methods are used to determine the particular parameter in the entry of PUCCH resource. If an implicit mechanism is used, the corresponding value range may shrink and/or a special value outside the value range may be added for indicating “implicit derivation”, or the configurability may be completely disabled.

· Note 3: RAN1 needs to further study if same or different sets of PUCCH resources in Table 1 are configured for PDSCH mapping type A (slot-based transmission) and type B (non-slot-based transmission).

Table 2 contains the semi-statically configured parameters. That means: A value would be configured for each parameter in the following table.
Table 1: Parameters configured in PUCCH resource sets and their value ranges 
PUCCH 
Format 0
PUCCH 
Format 1
PUCCH 
Format 2
PUCCH 
Format 3
PUCCH 
Format 4
FFS: Starting slot

Configurability

FFS

FFS

FFS

FFS

FFS

Value range

0 - [x]

0 - [x]

0 - [x]

0 - [x]

0 - [x]

Starting symbol

Configurability

√
√
√
√
√
Value range

-     12 and 13;

-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)

0 – 10

(FFS: special values for implicit derivation)

-     12 and 13;

-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)

0 – 10

(FFS: special values for implicit derivation)

0 – 10

(FFS: special values for implicit derivation)

Number of symbols in a slot

Configurability

√
√
√
√
√
Value range

1, 2

4 – 14

(FFS: special values for implicit derivation)

1, 2

4 – 14

(FFS: special values for implicit derivation)

4 – 14

(FFS: special values for implicit derivation)

Index for identifying starting PRB

Configurability

√
(FFS if implicit derivation is also used)

√
(FFS if implicit derivation is also used)

√
√
√
Value range

0 - [274]

(FFS: special values for implicit derivation)

0 - [274]

(FFS: special values for implicit derivation)

0 - [274]

0 - [274]

0 - [274]

Number of PRBs

Configurability

N.A.

N.A.

√
√
N.A.

Value range

N.A.

(Default is 1)

N.A.

(Default is 1)

1 – [16]

1 - 6, 8 - 10, 12, 15, 16

N.A.

(Default is 1)

Enabling a frequency hopping

Configurability

√
√
√
√
√
Value range

On/Off

(only for 2 symbol)

On/Off

On/Off

(only for 2 symbol)

On/Off

On/Off

FFS: Frequency resource of 2nd hop if frequency Hopping is enabled

Configurability

FFS

FFS

FFS

FFS

FFS

Value range

FFS

FFS

FFS

FFS

FFS

Index of initial cyclic shift

Configurability

√
(FFS if implicit derivation is also used)

√
(FFS if implicit derivation is also used)

N.A.

FFS

(for DMRS)

FFS

(for DMRS)

Value range

0 – 11

0 – 11

N.A.

0 – 11

0 – 11

Index of time-domain OCC

Configurability

N.A.

√
(FFS if implicit derivation is also used)

N.A.

N.A.

N.A.

Value range

N.A.

0 - 6

N.A.

N.A.

N.A.

Length of Pre-DFT OCC

Configurability

N.A.

N.A.

N.A.

N.A.

√
Value range

N.A.

N.A.

N.A.

N.A.

2, 4

Index of Pre-DFT OCC

Configurability

N.A.

N.A.

N.A.

N.A.

√
Value range

N.A.

N.A.

N.A.

N.A.

0, 1, 2, 3

Table 2: Semi-statically-configured parameters and their value ranges

 

PUCCH 

Format 0

PUCCH 

format 1

PUCCH 

Format 2

PUCCH 

Format 3

PUCCH 

Format 4

Number of slots

Configurability

N.A.

Configured

N.A.

Configured

Configured

Value range

N.A.

1, y1, y2, y3

N.A.

1, y1, y2, y3

1, y1, y2, y3

Agreements:

· The PUCCH resource for SR only transmission is semi-statically configured.

· The PUCCH resource for P-CSI only transmission is semi-statically configured
· FFS PUCCH resource allocation for semi-persistent CSI


In this contribution, we discuss and provide our views on remaining aspects of the PUCCH resource allocation for NR PUCCH in terms of parameters configured in PUCCH resource set, a method for determining one PUCCH resource set from multiple PUCCH resource sets and initial PUCCH resource allocation.
2. Composition of PUCCH resource set
The RRC parameters configured in the PUCCH resource set and the range of their values are agreed in a table through [90b-NR-30] email discussion after RAN1 # 90bis meeting. In this section, we will discuss our views on the resources of some formats left as FFS for further study. 
2.1. Starting slot indication
The starting slot informs the timing of which slot the UE transmits the HARQ-ACK for the downlink data received from the gNB. Unlike in the LTE with fixed HARQ-ACK timing, it is necessary to dynamically indicate the HARQ-ACK timing, because DL/UL transmission region can be flexibly configured by gNB based on dynamic TDD operation in NR. To be able to dynamically indicate the HARQ-ACK timing and to design the DCI more compactly and efficiently, it is preferable to indicate the starting slot by separate field in the DCI rather than including the starting slot in the set PUCCH resource. 
For example, if the starting slot is included in the RRC parameter configured in PUCCH resource set, the PUCCH resource indicator is indicated in the DCI with an increased bit-width. According to the RAN # 90bis agreements, the timing between DL data transmission and acknowledgment is 0 or [2] bits in the DCI. Since the starting slot indication may be fixed (0 bit) or flexible ([2] bit), if the starting slot is included by PUCCH resource indicator, the number of bits required for the PUCCH resource indicator in the DCI may be varied according to the configuration of the starting slot indication. In this regard, for simplification of specification and UE implementation, indicating the starting slot by using separate DCI field is preferred. 
Proposal #1: Starting slot of PUCCH is indicated by a separate field in the DCI from the PUCCH resource indicator in the DCI.

2.2. Frequency hopping resource
It was agreed that NR supports frequency hopping for 2-symbol short PUCCH and long PUCCH for achieving frequency diversity gain. Unlike LTE where PUCCH is transmitted with frequency hopping in the predefined location in the system BW, UEs with different BW capabilities can coexist within the UL BWP in NR. For determining hopping bandwidth and frequency resources for the 2nd hop, the following three options can be considered as the candidates.
· Option 1: The hopping bandwidth is configured as same as the active UL BWP, and apply the predefined hopping rule for frequency resource of 2nd hop. 
· Option 2: The hopping BW in the active UL BWP is semi-statically configured by higher layer, and the UE performs a hopping operation according to the predefined rule within the configured hopping BW.

· Option 3: The frequency resource of 2nd hop is included the PUCCH resource set and dynamically indicate by the PUCCH resource indicator in the DCI.

For Option 1, if frequency resource of the 1st hop is determined, frequency resource of the 2nd hop is automatically determined by the predefined frequency hopping rule. So it does not need additional configuration and signalling, it is advantageous in terms of signalling overhead, but multiplexing between UEs with different BWP capabilities may be difficult. The Option 3 is advantageous in terms of multiplexing because the gNB can dynamically indicate the frequency resource of 2nd hop, but it is disadvantageous in terms of DCI signalling overhead. In this regard, the Option 2 is preferred because there is no additional DCI signalling overhead and UE multiplexing can be done properly in the configured hopping BW with predefined hopping rule.
Proposal #2: The hopping bandwidth of PUCCH can be semi-statically configured by higher layer for multiplexing between UEs with different active UL BWP based on different UL BW capability.
2.3. DMRS cyclic shift 

There is an FFS point on whether the value of initial cyclic shift for the PUCCH format 3/4 DMRS can be included in the PUCCH resource set. In case of PUCCH format 3 not supporting UE multiplexing, it is sufficient to predefine the value of initial cyclic shift (e.g. 0) and the actual cyclic shift value can be derived by the cyclic shift hopping rule (as for PUCCH format 4 in LTE). In case of PUCCH format 4, it is possible to predefine multiple pairs of the DMRS cyclic shift value (or subcarrier index for DMRS if comb type mapping is agreed for DMRS) and the pre-DFT OCC index (as for PUCCH format 5 in LTE).
Proposal #3 Initial cyclic shift value for DMRS of PUCCH format 3/4 is predefined without any configurability.
3. Determination of PUCCH resource set 

There are two alternative for selecting one PUCCH resource set among multiple PUCCH resource sets in RAN1 # 90bis meeting and the [90b-NR-29] email discussion. One is that one PUCCH resource set can be selected from multiple configured PUCCH resource sets based on the UCI payload size. The other is that one or multiple PUCCH resource set(s) is configured for each PUCCH format. 
First of all, in general, it seems to be reasonable that PUCCH resource set can be determined based on UCI payload size. However, it would be sufficient that each PUCCH resource set consists of a single PUCCH format, and we think dynamic switching of the PUCCH format is not necessary for a given UCI payload size. It is sufficient to semi-statically configure PUCCH format for a given UCI payload size for a given coverage. In other words, the gNB configure a PUCCH resource set based on a range of the UCI payload size which can be transmitted through each PUCCH format. If multiple PUCCH resource sets are configured for the PUCCH format, one of them can be determined by implicit manner (e.g., based on in which CORESET PDCCH is transmitted). 
In summary, our view on PUCCH resource set determination is as follows.
· Maximum UCI payload size or UCI payload size range is configured for each PUCCH format.

· One or multiple PUCCH resource set(s) can be configured for each PUCCH format.

· PUCCH format for UCI transmission is determined based on UCI payload size

· One of multiple PUCCH resource sets configured for the selected PUCCH format is determined by implicit manner (if multiple PUCCH resource sets are configured).

· PUCCH resource in the selected PUCCH resource set is indicated by DCI
Alternatively, one of multiple PUCCH resource sets is indicated by the DCI, and one PUCCH resource in the indicated PUCCH resource set is determined based on the configured maximum UCI coding rate and the UCI payload size. 
Proposal #4: Determination of PUCCH resource set should be done based on the following procedure. 
· Maximum UCI payload size or UCI payload size range is configured for each PUCCH format.

· One or multiple PUCCH resource set(s) can be configured for each PUCCH format.

· PUCCH format for UCI transmission is determined based on UCI payload size

· One of multiple PUCCH resource sets configured for the selected PUCCH format is determined by implicit manner (if multiple PUCCH resource sets are configured).

· PUCCH resource in the selected PUCCH resource set is indicated by DCI

4. Initial PUCCH resource allocation
In RAN1 #88 meeting, it was agreed that NR supports PUCCH resource determination rule when the dedicated PUCCH resource is unknown to the UE. One of the motivations for the initial PUCCH resource determination is to provide PUCCH resource used for HARQ-ACK feedback transmission corresponding to DL data reception (e.g. Msg4) before RRC connection. 
For a general PUCCH resource allocation, the combination of the RRC configured PUCCH resource set and the explicit DCI indication should be baseline. The implicit derivation can be considered in certain scenarios, for example, when a fallback DCI is received, or when allocating the initial PUCCH resource considering the RMSI overhead. In this regard, initial PUCCH resource determination can be done during initial access procedure. One possible solution is to provide UE-specific or UE group-specific PUCCH resource set via SIB and/or RAR. After that, actual PUCCH resource used for HARQ-ACK transmission within the configured PUCCH resource set can be explicitly indicated from gNB (e.g., by indicating in DCI) or implicitly determined (based on DL control/data resource).

Proposal #5: For initial PUCCH resource determination, the following options can be considered:
· Option 1: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is explicitly indicated.

· Option 2: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is implicitly determined.
5. Conclusion
In this contribution, we addressed and discussed the consideration points on PUCCH resource allocation for NR UE, and the followings are proposed: 
Proposal #1: Starting slot of PUCCH is indicated by a separate field in the DCI from the PUCCH resource indicator in the DCI.

Proposal #2: The hopping bandwidth of PUCCH can be semi-statically configured by higher layer for multiplexing between UEs with different active UL BWP based on different UL BW capability.

Proposal #3 Initial cyclic shift value for DMRS of PUCCH format 3/4 is predefined without any configurability.

Proposal #4: Determination of PUCCH resource set should be done based on the following procedure. 

· Maximum UCI payload size or UCI payload size range is configured for each PUCCH format.

· One or multiple PUCCH resource set(s) can be configured for each PUCCH format.

· PUCCH format for UCI transmission is determined based on UCI payload size

· One of multiple PUCCH resource sets configured for the selected PUCCH format is determined by implicit manner (if multiple PUCCH resource sets are configured).

· PUCCH resource in the selected PUCCH resource set is indicated by DCI

Proposal #5: For initial PUCCH resource determination, the following options can be considered:
· Option 1: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is explicitly indicated.

· Option 2: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is implicitly determined.
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