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1. Introduction
At the previous RAN1 meeting, following agreements were made [1]:
	Agreements of RAN1#88:
· 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
Agreements of RAN1 NR#2:
· 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 of RAN1#90:
· 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.
Agreements of RAN AH#3:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined
Agreements of RAN #90b:
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.
Agreements of RAN #90b:
· 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
Agreements of RAN #90b email discussion;
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





In this contribution, resource allocation for PUCCH is discussed.
2. How UE selects one PUCCH resource set from multiple configured PUCCH resource sets
In email discussion after RAN1 #90b meeting, there was no consensus how UE selects one PUCCH resource set from multiple configured PUCCH resource sets. We support following proposal.

· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC). 
· K PUCCH resource sets. PUCCH resource set i for UCI [Ni ~ Ni+1-1] bits (i=0, …, K-1). 
· N0=1.
· N1=3.
· FFS: value of K. (Example: K=4)
· Ni (i >1) is minimum number of UCI bits for which PUCCH resource set is used. If K > 2 and 1 < i < K-1, Ni is semi-statically configured. (Example: N2 = 20; N3 =100)
· One of [x] PUCCH resources in the selected PUCCH resource set is indicated by the PUCCH resource indicator in DCI.
· FFS: One of the PUCCH resources can be implicitly derived.
· FFS: Some resource sets can be configured differently for PDSCH mapping Type A and PDSCH mapping Type B.
· FFS: Further restriction of the resource set based on signalling from gNB by DCI or MAC CE.
· FFS: Resource set selection based on UCI type.

Proposal 1:
· Following should be supported to select one PUCCH resource set.
· Alt. 1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC)

3. RRC parameter table for PUCCH resource allocation
3.1. Explicit vs. implicit derivation
In email discussion after RAN1 #90b meeting, parameters configured in PUCCH resource sets was agreed. However, there are still FFS of implicit derivation on some parameters in the table. 
First of all, we would like to clarify the meaning of “implicit”. If implicit derivation is based on CCE index of PDCCH, this is not good way because in NR different UEs may receive PDCCH with different CORESETs. Different CORESETs have different CCE indexing. Therefore, if CCE index based PUCCH resource indication is used, the PUCCH blocking issue occurs. In LTE EPDCCH, because of this, 2-bit ARO was supported. For NR PDCCH, since the problem is not changed from LTE PDCCH, if we go with implicit PUCCH resource determination based on CCE index, we need 2-bit ARO in the PDCCH. Therefore, DCI overhead cannot be saved. 
With the CCE index based implicit resource indication, as long as all UEs share the same CORESET, no blocking happens. But in order to efficiently utilize uplink resource, PDCCH scheduler needs to take into account PUCCH resource allocation. Compared to explicit indication, this is further complicated for gNB.
We are fine with having some kind of implicit indication (e.g., payload determines PUCCH format, and different PUCCI format has different set of PUCCH resources, is also a kind of implicit indication based on payload). However, we are not sure whether CCE index based implicit resource determination is a good approach, especially for the system where PDCCH configuration is UE-specific.

Proposal 2:
· Implicit PUCCH resource derivation based on CCE index of PDCCH should not be supported.

3.2. FFS: Frequency resource of 2nd hop
For LTE, PUCCH frequency-hopping is symmetric for the center of the carrier, and PUCCH frequency-hops are at the edges of the system bandwidth. However, for NR, UEs may have different bandwidths of the active UL BWP for PUCCH transmission. If the frequency-hopping is for the edges of the UL BWP, spectrum fragmentation or inefficient resource usage is caused (see Fig. 1 (a)). In order to resolve this and to multiplex PUCCHs on different UL BWPs efficiently, it is desirable to make the PUCCH frequency-hopping pattern configurable by the NW in an independent manner from the bandwidth of the UL BWP (see Fig. 3 (b)). For example, by setting the frequency-hopping pattern such that the hopping is limited within a certain bandwidth, spectrum fragmentation can be minimized.
Proposal 3:
· Frequency resource of 2nd hop should be configurable and is NOT derived only from the UL BWP bandwidth.

[image: ]
(a) Frequency-hopping b/w edges of the access BW.
[image: ]
(b) Frequency-hopping b/w configured parts.
Fig. 1.	Frequency-hopping for long-PUCCH.

In order to make the frequency resource of 2nd hop should be configurable; the frequency resource of 2nd hop should be configured in the PUCCH resource set. The figure 2 illustrates how to configure the frequency resource of 2nd hop. As illustrated in the figure 2, for the frequency resource of 2nd hop the PRB index offset from the 1st hop is indicated to a UE by PUCCH resource set.
Proposal 4:
· For frequency resource of 2nd hop, PRB index offset from the 1st hop is contained in the PUCCH resource set.
[image: ]
Fig. 2.	Intra-slot frequency-hopping.
3.3. Long PUCCH over multiple slots
For long-PUCCH over multiple slots, we need to address two issues for FH pattern.
· Time-doamin
For time-domain, there is still FFS on FH pattern as following options:
· Opt. 1) Inter slot FH is only 1 time over multiple slots
· Opt. 2) Inter slot FH is at every M slot(s), where M can be 1. 
For opt. 1, there is a possibility to improve channel estimation accuracy because multiple DMRS over multiple consecutive slots can be used for channel estimation. On the other hand, opt. 2 has a possibility to improve frequency diversity gain because more than 2 FH can be applied in opt. 2. 

· Frequency-doamin
Figure 3 illustrates some possible inter-slot FH pattern. In opt. 1, inter-slot FH is only 1 time over multiple slots. In opt. 2-1 and opt. 2-2, inter-slot FH is at every M slot(s); however, opt. 2-1 uses only 2 frequency resources. For frequency diversity gain, opt. 1 and opt. 2-1 is the same because only 2 frequency resources are used for both options; opt. 2-2 has a possibility to improve frequency diversity gain because it can use more than 2 frequency resources. For channel estimation accuracy, opt. 1 is the best because the largest number of consecutive slots is available.
[image: ][image: ][image: ]
Opt. 1) hop only 1 time                    Opt. 2-1) hop at every slot               Opt. 2-2) hop at every M slot(s)
Fig. 3.	Some inter-slot FH patterns (long PUCCH over multiple slots).

For frequency resource allocation for long PUCCH over multiple slots, we believe that the frequency resources for 2nd or later slots should be also configurable and should not be derived only from the UL BWP bandwidth. However, the current agreement of PUCCH resource set does not include the frequency resources for 2nd or later slot for inter-slot FH.
In RAN1 #90b meeting, it was agreed that the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE. Hence, for long PUCCH over multiple slots, the intra-slot frequency resource of 2nd hop, which is configured by PUCCH resource set, can also use for the inter-slot frequency resources for 2nd or later slots.
	Agreements of RAN #90b:
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE



Figure 4 illustrates some possible inter-slot hopping patterns for long PUCCH over multiple slots. For the configurable inter-slot frequency resources of 2nd or later slots, PRB index offset for inter-lost FH should be configured to a UE as illustrated in figure 4. The PRB index offset for inter-lost FH can be derived from the frequency resource for intra-slot FH (the frequency resource of the 2nd hop) which is configured by PUCCH resource set.

Proposal 5:
· For long PUCCH over multiple slots, the frequency resources of 2nd or later slots should be configurable and is NOT derived only from the UL BWP bandwidth
· The frequency resources of the 2nd or later slots are derived by the frequency resource for intra-slot FH (the frequency resource of the 2nd hop) which is configured by PUCCH resource set.
[image: ][image: ] [image: ]
Opt. 1) hop only 1 time                    Opt. 2-1) hop at every slot               Opt. 2-2) hop at every M slot(s)
Fig. 4.	Some inter -slot FH patterns (long PUCCH over multiple slots).

4. Conclusion
In this contribution, we discussed the resource allocation for PUCCH and following proposals were made:
Proposal 1:
· Following should be supported to select one PUCCH resource set.
· Alt. 1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC)
Proposal 2:
· Implicit PUCCH resource derivation based on CCE index of PDCCH should not be supported.
Proposal 3:
· Frequency resource of 2nd hop should be configurable and is NOT derived only from the UL BWP bandwidth.
Proposal 4:
· For frequency resource of 2nd hop, PRB index offset from the 1st hop is contained in the PUCCH resource set.
Proposal 5:
· For long PUCCH over multiple slots, the frequency resources of 2nd or later slots should be configurable and is NOT derived only from the UL BWP bandwidth
· The frequency resources of the 2nd or later slots are derived by the frequency resource for intra-slot FH (the frequency resource of the 2nd hop) which is configured by PUCCH resource set.
[bookmark: _GoBack]References
[1] 3GPP RAN1#88/AH#2/#90/AH#3/90b, Chairman’s note.
- 2/9 -
image2.emf
UE2 access BW

UE1 access BW

PUCCH for UE1

PUCCH for UE1

PUCCH for UE2

PUCCH for UE2

Slot


image3.emf
Freq.

PRB index offset 

from the 1sthop

time

2nd hop

1 slot

BWP

1st hop


image4.emf
Freq.

1

1 slot

BWP

2

3 4

time

5 6 7 8

FH boundary


image5.emf
Freq.

1

1 slot

BWP

2

3

4

5

6

7

8

time

FH boundary


image6.emf
Freq.

1

1 slot

BWP

2

3 4

5 6

7 8

M

time

FH boundary


image7.emf
Freq.

1

1 slot

BWP

2

3 4

time

5 6 7 8

PRB index 

offset


image8.emf
Freq.

1

1 slot

BWP

2

3

4

5

6

7

8

time

PRB index 

offset


image9.emf
Freq.

1

1 slot

BWP

2

3 4

5 6

7 8

M

time

PRB index 

offset


image1.emf
UE2 access BW

UE1 access BW

PUCCH for UE1

PUCCH for UE1

PUCCH for UE2

PUCCH for UE2

Slot


