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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In email discussion [90b-NR-29] and [90b-NR-30], resource set configuration for PUCCH and RRC parameters for each PUCCH format were discussed. The agreements can be seen in appendix 1 [1-2]. A-CSI on short PUCCH was discussed in email discussion [90-NR-15] and some agreements were achieved.
· Agreement: 
· For triggering A-CSI on short PUCCH, the scheme(s) are to be decided by control channel and/or scheduling/HARQ session(s) in RAN1#91.
· Choose at least one from Alt1, Alt2, and Alt3
· In choosing the scheme(s), consider CA (multi-cell) operation as well as transmission of HARQ-ACK and A-CSI in separate TDMed short PUCCH allocations and in a same short PUCCH allocation
Alt 1:
The CSI report is triggered with CSI request field in DL-related DCI
· UE-specific or UE-group-specific DCI is to be discussed in control channel session
PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources
Alt 2:
Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used
Alt 3:	
Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI
In this contribution, we share our views on the issues related to resource allocation for PUCCH.
2. Resource allocation sets configuration 
After RAN1#90bis meeting, the configuration of resource allocation sets is narrowed down to the following alternatives [3]:
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC).
· Alt.2: One or multiple PUCCH resource set(s) for each format
For the configuration of resource allocation sets, the following factors can be considered. 
· Different symbol lengths of a PUCCH format
Firstly, slot structure can be varied slot by slot in NR. Thus multiple PUCCH formats with different lengths are defined to suit the different slot structure. Resource allocation sets should include PUCCH with multiple lengths, i.e. dynamic switch of the different symbol lengths of a PUCCH format should be supported in the sets. 
·   Different payload 
Multiple UCI payload sizes are supported in NR, e.g. from 1-2 bits HARQ-ACK to hundreds bits A-CSI. CBG-based transmission and CA scenario also extend the range of UCI payload sizes. The resource sets should support the switch of PUCCH formats with different payload size.    
· Signalling overhead
Signalling overhead should be considered for resource sets configuration, especially for the parts indicated by DCI.
The table 1 shows the example of two options.
Table 1 the example for the two options
	options
	Example 
	Comments 

	Alt.1
	1st set(or multiple sets): 
up to 2bits: 1-2 symbols and 4-14 symbols 
more than 2 bits: 1-2 symbols and 4-14 symbols
2nd set :
……
	One set can include both long and short PUCCH format with the different lengths.



	Alt.2
	1st set(or multiple sets)：up to 2bits: 1-2 symbols  
2nd set(or multiple sets)：up to 2bits:  4-14 symbols
3rd set(or multiple sets): more than 2 bits: 1-2 symbols 
4th set(or multiple sets): more than 2 bits: 4-14 symbols
……
	
One set can include one PUCCH format with different lengths. 



To some extent, above mentioned options are equivalent. Both options can achieve the implicit switch according to the different payload sizes. Only the indication has a little difference for two alternatives. For example, 4 PUCCH formats are indicated in a set. Alt.1 supports the flexible configuration between long and short PUCCH formats, e.g. 3 long PUCCH formats and 1 short PUCCH format. On the contrary, Alt.2 supports the evenly configuration, e.g. 2 long PUCCH formats and 2 short PUCCH formats.   
Proposal 1: Alt. 1 is preferred slightly, i.e. UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size.
3. A-CSI on short PUCCH
3.1. A-CSI and HARQ-ACK transmission 
A-CSI on short PUCCH is discussed in MIMO section. If the feature is supported, both HARQ-ACK and A-CSI resource indication should be considered. Two options are the candidates. 
Opt.1: TDMed HARQ-ACK and A-CSI transmission on PUCCH 
For this method, two PUCCH carries HARQ-ACK and A-CSI, respectively. The first PUCCH can be long or short PUCCH to carry HARQ-ACK. And second short PUCCH is for A-CSI. TDMed PUCCH is transmitted in a slot from a UE. This is benefit to meet the different BLER requirement for HARQ-ACK and A-CSI due to the separated transmission. The drawback is the required additional PUCCH resource.  
Opt.2: Multiplexed HARQ-ACK and A-CSI on short PUCCH
For this method, HARQ-ACK and A-CSI share the same short PUCCH resources. This requires that HARQ-ACK resource configuration includes at least one short PUCCH resource if A-CSI on short PUCCH is configured. No additional A-CSI resources are required.    
Proposal 2: For A-CSI and HARQ-ACK transmission, two options can be considered.
Opt.1: TDMed PUCCH transmission carrying HARQ-ACK and A-CSI. 
Opt.2: Multiplexed HARQ-ACK and A-CSI on short PUCCH.
3.2. Impacts on the PUCCH resource allocation
For TDMed PUCCH transmission carrying HARQ-ACK and A-CSI (Opt.1), three resource indication methods can be considered. 
Opt.1-1: A-CSI resource and request field are jointly encoded with HARQ-ACK resource allocation. If no A-CSI request is triggered, only A/N resource is applied. Otherwise, both A/N resource and A-CSI resource is indicated together. 
Opt.1-2: A-CSI request field triggers HARQ-ACK or HARQ-ACK and A-CSI resources. In this method, A-CSI request field indicates implicitly A/N resource or resource set including both A/N resource and A-CSI resource. If A-CSI request field is off, the only HARQ-ACK resource is used. Otherwise, a resource set is used.
Table 2 Opt.1-2
	
	HARQ-ACK resource
	A-CSI and HARQ-ACK resource

	00
	A/N resource 1
	resource set 1 {A/N resource 1，A-CSI resource 1}

	01
	A/N resource 2
	resource set 2{A/N resource 2，A-CSI resource 2}

	02
	A/N resource 3
	resource set 3{A/N resource 3，A-CSI resource 3}

	03
	A/N resource 4
	resource set 4{A/N resource 4，A-CSI resource 4}


Opt.1-3: HARQ-ACK resource and A-CSI resource are indicated independently, as shown in table 3. The independent field indicates A-CSI resource and/or triggering. 
Table 3 Opt.1-3
	
	HARQ-ACK resource

	00
	A/N resource 1

	01
	A/N resource 2

	02
	A/N resource 3

	03
	A/N resource 4


	
	A-CSI resource

	00
	A-CSI resource 1

	01
	A-CSI resource 2

	02
	A-CSI resource 3

	03
	A-CSI resource 4


For option 1-1 requires the less signalling overhead than option 1-2 and 1-3. However, it reduces the HARQ-ACK resource candidates and impact the resource sets configuration. Option 1-2 can also provide the scheduling flexibility with the less overhead than option 1-3. Thus, Opt.1-2 is preferred.
Proposal 3: For TDMed PUCCH transmission carrying HARQ-ACK and A-CSI, HARQ-ACK and HARQ-ACK/A-CSI resource set is configured. A-CSI request field triggers implicitly select the resource.
For multiplexed HARQ-ACK and A-CSI on short PUCCH (Opt.2), a A-CSI-trigger field is required in the grant. This method requires that at least one short PUCCH with large payload size is included in the PUCCH resource set. The same PUCCH resources indication is used. Table 4 gives an example for this case.
Table 4 PUCCH resources configuration
	
	DL grant without A-CSI trigger
	DL grant with A-CSI trigger

	
	PUCCH resource for A/N
	PUCCH resource for A/N and A-CSI

	00
	PUCCH resource 1
	PUCCH resource 1’

	01
	PUCCH resource 2
	PUCCH resource 2’

	02
	PUCCH resource 3
	PUCCH resource 3’

	03
	PUCCH resource 4
	PUCCH resource 4’


Proposal 4: For multiplexed HARQ-ACK and A-CSI on short PUCCH, PUCCH resource sets include at least one short PUCCH with large payload size. The same indication method can be used for without A-CSI trigger and with A-CSI trigger.
4. Resource allocation parameter for PUCCH
For resource allocation for PUCCH, time domain resource should be informed to a UE. The time domain resources comprise starting slot index and symbol index in a slot.
Starting slot
Generally, starting slot index can be derived from HARQ-ACK timing indication in DCI scheduling PDSCH. The range of the values and the indication is under discussion. In our view, the values should be as small as possible to achieve higher throughput. Moreover, the values should provide flexibility for gNB scheduling, especially for TDD case. In the previous meeting, values {0,1,2,3}are proposed. A concern is all slots being DL for values range {1,2,3} for TDD case. Increasing the values can solve the problems and provide scheduling flexibility. However, overhead can increase for the starting slot indication. A value range {0, x1,x2,x3} can base on the per slot and per carrier configuration signaled by RRC. The maximum flexibility is provided. 
Proposal 5: A value range {0, x1,x2,x3} can base on the per slot and per carrier configuration signaled by RRC.         
Frequency resource of 2nd hop if frequency hopping is enabled
When frequency hopping is enabled, the frequency resource of 2nd hop is not clear. If the FH bandwidth equals to UL BWP bandwidth, maximum frequency diversity can be achieved. However, considering PUCCH from different UEs with different UL BWP bandwidth, such design may result in resource fragmentation.  In order to maximize scheduling flexibility, it is preferred to allow the frequency resource of first and second hop are decoupled. This results in different bandwidth between frequency hopping and UL BWP [4]. According to [4], it is proposed that
[bookmark: _GoBack]Proposal 6: frequency hopping bandwidth is decoupled from UL BWP bandwidth, and
· Alt 1: Frequency resource of first and second hop of PUCCH can be configured joint, i.e. there are some linkage with the 1st hop resource and 2nd hop resource
· Alt 2: Frequency resource of first and second hop of PUCCH can be configured separated.
5. Conclusion
In this document, we discuss resource allocation for PUCCH of with the following proposals:
Proposal 1: Alt. 1 is preferred slightly, i.e. UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size.
Proposal 2: For A-CSI and HARQ-ACK transmission, two options can be considered.
Opt.1: TDMed PUCCH transmission carrying HARQ-ACK and A-CSI. 
Opt.2: Multiplexed HARQ-ACK and A-CSI on short PUCCH.
Proposal 3: For TDMed PUCCH transmission carrying HARQ-ACK and A-CSI, HARQ-ACK and HARQ-ACK/A-CSI resource set is configured. A-CSI request field triggers implicitly select the resource.
Proposal 4: For multiplexed HARQ-ACK and A-CSI on short PUCCH, PUCCH resource sets include at least one short PUCCH with large payload size. The same indication method can be used for without A-CSI trigger and with A-CSI trigger
Proposal 5: A value range {0, x1,x2,x3} can base on the per slot and per carrier configuration signaled by RRC.     
Proposal 6: frequency hopping bandwidth is decoupled from UL BWP bandwidth, and
· Alt 1: Frequency resource of first and second hop of PUCCH can be configured joint, i.e. there are some linkage with the 1st hop resource and 2nd hop resource
· Alt 2: Frequency resource of first and second hop of PUCCH can be configured separated.
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Appendix 1 
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 2ndhop 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




