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1.		Introduction
During RAN plenary #79, a new version of the release 15 NR specifications was approved. Furthermore, it was agreed that during the second quarter of 2018, RAN1 will continue to focus on closing the open issues within the scope of the December drop. 
This contribution addresses the remaining open issues on PUCCH resource allocation. Specifically, we address the following open points:
· Determination of the PUCCH resource within a PUCCH resource set.
· PUCCH resource selection before dedicated PUCCH setup
2.			Discussion 
2.1	Determination of the PUCCH resource within a PUCCH resource set.
In RAN1#92 [2], the following agreement was reached regarding the determination of the PUCCH after dedicated PUCCH resource set up:
Agreements:
· 3-bit ARI for DCI 1_0 and DCI 1_1
· At least 8 (up to 32) PUCCH resources can be configured in a resource set with 
· CCE-index-based implicit mapping is additionally used when >8 resources are configured.
· Note: Increasing RRC value range from 8 to 32
· 8 PUCCH resources are configured in a resource set with .
· No implicit mapping
· Note: Changing RAN1#91 agreement.

The PUCCH resource set, with a UCI payload size of up two bits, consists of up to 32 PUCCH resources, and the ARI field in the DCI is 3 bits. If there are more than 8 PUCCH resources in the PUCCH resource set an implicit mapping function, in addition to the 3-bit ARI field, is used to determine the PUCCH resource. The definition of this mapping function is open in the specification. 38.213 states:
“ …. the UE determines a PUCCH resource from the PUCCH resources indicated by the PUCCH resource indicator field value through a mapping function to other parameters that include a CCE index of a corresponding PDCCH.”

The PUCCH resources are divided into eight subsets. Each subset contains one to four PUCCH resources. The ARI selects one of the eight subsets. The eight subsets are determined as follows:
Let S be the PUCCH resource set of size N, . Let  be the m-th subset of S, where . The size of each subset  is given by:

The elements of each subset are given by:

Proposal 1: For a PUCCH resource set corresponding to a UCI payload of up to 2 bits. The PUCCH resource set S of size N, , is sub-divided into 8 PUCCH resource subsets . The elements of each subset are given by:


The mapping function, based on the CCE of the PDCCH scheduling the corresponding PDSCH, selects a resource within a subset if there is more than 1 PUCCH resource in the subset.
We discuss the alternative mapping functions highlighting the pros and cons of each.
· Option 1: The mapping function can be based on the modulo of the starting CCE index divided by the aggregation level and  [5][6]:

Where,  is the CCE starting index of the corresponding PDCCH. L is the aggregation level of PDCCH, and  [6] is a pseudo random function of the slot index that can be optionally included.
The PUCCH resource subset is determined based on the following hashing formula [TS 38.213 section 10.1] [4]:


.
The set of CCEs in a CORESET is split into subbands, where  is number of configured PDCCH candidates for AL L in search-space-set s in CORESET p. As explained in our companion contribution [7], and shown also in Table 1, an issue with the modulo based approach for implicit mapping between the CCE and the PUCCH resource is the lack of flexibility in selecting any PUCCH resource within the PUCCH resource subset. The example in Table 1 highlights a case when this could happen.
If we take , L = {8,4,2,1},  , all the candidates point to resource r=0. 
· Option 2: An alternative method to using the modulo operation is to divide the CCEs allocated to the PDCCH search space into  subbands, and depending on the subband of the starting CCE, a PUCCH resource is selected. This is done according to the following equation.

This method provides more flexibility, compared to Option 1, in selecting the PUCCH resource based on the CCE used for the transmission of the PDDCH. This is demonstrated on the same example from Option 1 and illustrated in Table 2.
· Option 3: The CCE start index is determined based on a hashing (given above) that uses a candidate index  to determine the CCE start index of each PDDCH candidate in the search space. By defining a candidate index m’ across aggregation levels (ALs), for example, starting from highest AL (AL16) to lowest AL (AL1), of a search space set, we can use index m’ to implicitly determine the PUCCH resource within a PUCCH resource subset [7]. This can be done according to the following equation:
,
Where,  and where  denotes the configured number of PDCCH candidates of aggregation level L for search space set s associated with CORESET p.  is a pseudo-random number to reduce multi-user blocking (e.g. taken from the PDCCH hashing function), or . The association of index m’ to the AL L is formally given by
[bookmark: _Hlk510742535],		with .

One advantage of option 3 (i.e. using the PDCCH resource index m’) over option 2 (i.e. using the subband of the starting CCE) is in case the number of PDCCH candidates per aggregation level is less than the number of PUCCH resources,  per PUCCH resource subset. For the same example as in Option 1, the implicit mapping of Option 3 is demonstrated in Table 3.
Table 1: PUCCH resource r determination based on the Option 1 , (green, red, yellow, blue) candidates correspond to r=0,1,2,3

	CCE
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	AL8
	8-0
	8-1

	AL4
	4-0
	
	4-1
	

	AL2
	2-0
	
	2-1
	
	2-2
	
	2-3
	

	AL1
	1-0
	
	
	
	1-1
	
	
	
	1-2
	
	
	
	1-3
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Table 2: PUCCH resource r determination based on the Option 2 (green, red, yellow, blue) candidates correspond to r=0,1,2,3
	CCE
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	AL8
	8-0
	8-1

	AL4
	4-0
	
	4-1
	

	AL2
	2-0
	
	2-1
	
	2-2
	
	2-3
	

	AL1
	1-0
	
	
	
	1-1
	
	
	
	1-2
	
	
	
	1-3
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Table 3 PUCCH resource r determination based on the Option 3, , (green, red, yellow, blue) candidates correspond to r=0,1,2,3
	CCE
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	AL8
	8-0
	8-1

	AL4
	4-0
	
	4-1
	

	AL2
	2-0
	
	2-1
	
	2-2
	
	2-3
	

	AL1
	1-0
	
	
	
	1-1
	
	
	
	1-2
	
	
	
	1-3
	
	
	





Using option 2, it is only possible to select the same two PUCCH resources out of the 4 PUCCH resources for PDCCH aggregation levels 4 and 8. However, with option 3, the PDCCH resource index m’ is incremented consecutively across all aggregation levels. In case the channel conditions are such that at least AL4 is needed to meet the PDCCH reception criteria it would be possible to select any PUCCH resource in a PUCCH resource subset by either using AL4 or AL8. Based on this discussion, we see an advantage for option 3 over option 2. The implicit mapping option 3 is illustrated in Figure 1.
Proposal 2: The implicit indication of ACK/NACK resource on PUCCH is based on a PDCCH candidate index m’ running over the search space set, where the mapping has the form , Y is a pseudo-random value and r = 0, 1, …, -1 is an index to one out of  PUCCH resources.

[image: ]
[bookmark: _Ref510789093]Figure 1: Implicit mapping of PDCCH candidate index m’ running over the search space set to one out of |Rm| PUCCH resources in a PUCCH resource subset.  

[bookmark: _GoBack]2.2	PUCCH resource allocation before dedicated PUCCH resource configuration
In RAN1#91 [1], the following agreements was reached:Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 
· FFS other details (no additional RRC impact)


Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup, UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.

In RAN1#AH1801 [3], the following agreements were reached:

Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup  
· 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific PUCCH resources/parameters
· PUCCH duration of at least {2, 14}
· If frequency hopping is enabled for long PUCCH, the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· FFS on x
· FFS on whether to support frequency hopping for short PUCCH
· FFS frequency hopping is always enabled or indicated in RMSI to enable/disable hopping
· Check further offline on the UE feature related discussion
Agreements:
· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot
· HARQ-ACK is only one bit without bundling before RRC connection 

In RAN1#92 [2], the following agreements/working assumption were reachedAgreements:
For resource allocation for HARQ-ACK before a UE has a dedicated PUCCH configuration, 
· Additional PUCCH durations include:
· 4-symbol, 
· starting from Symbol#10.
· 10-symbol, 
· starting from Symbol#4 

Working assumption:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequeny hopping is always enabled for PUCCH transmission for FR1 and FR2.

Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH format is cell-specific and derived from RMSI indication.
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH duration and starting symbol are cell-specific and derived by RMSI.


Agreements:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 16 UE-specific resources are specified within a PUCCH resource set indicated by RMSI.
· PRB indices are determined based on ARI and RMSI.

The 4-bit parameter in the RMSI is used as “an index to a row of a table providing a set of PUCCH resources for HARQ-ACK transmission” as described in section 9.2.1 of TS 38.213 [4] (Table 9.2.1-1). This table has the following columns: PUCCH Format, First Symbol, Number of symbols and PRB index. According to the agreements of the previous meetings,
· PUCCH Format is either PUCCH Format 0 or PUCCH Format 1.
· The (First Symbol, Number of symbols) pair is either (0, 14), (4, 10), (10, 4) or (12, 2)
We propose renaming “PRB index” to “PRB Offsets”. This refers to the offset from each edge of the PRBs associated with the table entry. This will be consistent with the agreement from RAN1#1801AH “If frequency hopping is enabled for long PUCCH, the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP”, and the working assumption from RAN1#92 “Frequen[c]y hopping is always enabled for PUCCH transmission for FR1 and FR2”. We propose each entry to have 2 PRB offsets (2n and 2n+1) this is to allow for a total of 16 PUCCH resources associated with each entry from Table 9.2.1-1 [4], as will be explained later in this section.
Proposal 3: The PUCCH resource set table before dedicated PUCCH resource configuration has 16 entries. Each entry defines a PUCCH resource set defined by:
1. PUCCH Format (PUCCH Format 0 and PUCCH Format 1)
2. First Symbol (0, 4, 10 and 12)
3. Number of symbols (14, 10, 4 and 2) respectively in regard to the first symbol.
4. PRB Offsets {2n, 2n+1}
In a three-sector base station, it would be desirable to have different resources for each sector using the (First Symbol, Number of symbols) pair and using different PRB Offsets. Hence, we propose three different PRB Offsets: {0, 1}, {2, 3} and {4, 5}
Proposal 4: For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· RMSI indication indicates one of the following PRB offsets {0, 1}, {2, 3} or {4, 5}.

Accordingly, the PUCCH resource sets before dedicated PUCCH resource configuration is given by Table 2. The last 4 rows of Table 2 are reserved for future use cases.

[bookmark: _Ref510182867]Table 4: PUCCH resource sets before dedicated PUCCH resource configuration.
	Index
	PUCCH Format
	First Symbol
	Number of Symbols
	PRB Offsets {2n, 2n+1}

	0
	Format 0
	12
	2
	{0, 1}

	1
	Format 0
	12
	2
	{2, 3}

	2
	Format 0
	12
	2
	{4, 5}

	3
	Format 1
	10
	4
	{0, 1}

	4
	Format 1
	10
	4
	{2, 3}

	5
	Format 1
	10
	4
	{4, 5}

	6
	Format 1
	4
	10
	{0, 1}

	7
	Format 1
	4
	10
	{2, 3}

	8
	Format 1
	4
	10
	{4, 5}

	9
	Format 1
	0
	14
	{0, 1}

	10
	Format 1
	0
	14
	{2, 3}

	11
	Format 1
	0
	14
	{4, 5}

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Proposal 5: Adopt Table 2 as the “PUCCH resource sets table before dedicated PUCCH resource configuration” table (i.e. Table 9.2.1-1 of TS38.213 [4]).
It has been agreed in RAN1#92 that there are 16 PUCCH resources in each PUCCH resource set given by an entry of Table 2. The 16 PUCCH resources are selected based on a 3-bit ARI field, and one-bit “b” from an implicit mapping function. More about the implicit mapping function later in this section. The 16 PUCCH resources are defined by:
1. Hopping direction. There are two hopping directions; hopping direction 0 from PRB offseted by x from the lower edge to PRB offseted by x from the upper edge; and hopping direction 1 from PRB offseted by x from the upper edge to PRB offseted by x from the lower edge.
2. PRB offset from edge. Each entry of Table 2 has two PRB offsets.
3. Initial Cyclic Shift. We propose each PUCCH resource set to be defined by 4 initial cyclic shift values.
a. For PUCCH Format 0, the four initial cyclic shifts are {0, 4, 8, 11}. Cyclic shifts {0, 4, 8} have maximum separation. Cyclic shift 11 is selected to avoid collision with the other cyclic shifts.
b. For PUCCH Format 1, the four initial cyclic shifts are {0, 3, 6, 9}. These cyclic shifts have maximum separation.
Based on the above discussion, the PUCCH resources within each PUCCH resource set for PUCCH Format 0 are given by Table 5. The PUCCH resources within each PUCCH resource set for PUCCH Format 1 are given by Table 6. For PUCCH Format 1, OCC index 0 is always used.
[bookmark: _Ref510184837]Table 5: PUCCH Format 0 resource set before dedicated PUCCH resource configuration.
	ARI

	Hop Direction
0: Low  High
1: High  Low
	PRB Offset (2n or 2n+1)
	Initial Cyclic Shift

	
	
	
	b = 0
	b = 1

	000
	0
	2n
	0
	4

	001
	0
	2n
	8
	11

	010
	0
	2n+1
	0
	4

	011
	0
	2n+1
	8
	11

	100
	1
	2n
	0
	4

	101
	1
	2n
	8
	11

	110
	1
	2n+1
	0
	4

	111
	1
	2n+1
	8
	11




[bookmark: _Ref510184877]Table 6: PUCCH Format 1 resource set before dedicated PUCCH resource configuration.
	ARI

	Hop Direction
0: Low  High
1: High  Low
	PRB Offset (2n or 2n+1)
	Initial Cyclic Shift

	
	
	
	b = 0
	b = 1

	000
	0
	2n
	0
	3

	001
	0
	2n
	6
	9

	010
	0
	2n+1
	0
	3

	011
	0
	2n+1
	6
	9

	100
	1
	2n
	0
	3

	101
	1
	2n
	6
	9

	110
	1
	2n+1
	0
	3

	111
	1
	2n+1
	6
	9



Proposal 6: Adopt Table 3 and Table 4 for PUCCH Format 0 and PUCCH Format 1 (respectively) resource set before dedicated PUCCH resource configuration.
As decided in RAN1#91, a similar approach for PUCCH resource selection is used before and after dedicated PUCCH setup. Therefore, a 3-bit ARI field is used to select a PUCCH resource subset, and then a mapping function is used to select a PUCCH resource within the PUCCH resource subset. As described in section 2.1, we favor having the implicit function after dedicated PUCCH resource configuration based on PDCCH candidate index m’. This would prevent the network from implicitly selecting some PUCCH resources with some aggregation level values. For example, “If higher layer parameter rach-coreset-configuration is not provided to the UE, the control resource set for Type1-PDCCH common search space is the same as for Type0-PDCCH common search space”[4]. According to Table 10.1-1 of TS38.213 [4], Type0-PDCCH common search space has only one entry with aggregation level 16. This limits the ability of gNB in selecting PUCCH resources implicitly, if the implicit function is based on the PDCCH candidate.
For initial access we propose tagging to TC-RNTI. This allows selection of any PUCCH resource for a UE. The mapping function is determined based on the LSB of the TC-RNTI. 
Proposal7: The implicit mapping function used before dedicated PUCCH resource configuration is based on the LSB of the TC- RNTI.
3.	Conclusions
In this contribution, we have discussed the remaining open items related to PUCCH resource allocation in the NR. Based on the discussion, we make the following proposals:
Proposal 1: For a PUCCH resource set corresponding to a UCI payload of up to 2 bits. The PUCCH resource set S of size N, , is sub-divided into 8 PUCCH resource subsets . The elements of each subset are given by:

Proposal 2: The implicit indication of ACK/NACK resource on PUCCH is based on a PDCCH candidate index m’ running over the search space set, where the mapping has the form , Y is a pseudo-random value and r = 0, 1, …, -1 is an index to one out of  PUCCH resources.
Proposal 3: The PUCCH resource set table before dedicated PUCCH resource configuration has 16 entries. Each entry defines a PUCCH resource set defined by:
1. PUCCH Format (PUCCH Format 0 and PUCCH Format 1)
2. First Symbol (0, 4, 10 and 12)
3. Number of symbols (14, 10, 4 and 2) respectively in regard to the first symbol.
4. PRB Offsets {2n, 2n+1}
Proposal 4: For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· RMSI indication indicates one of the following PRB offsets {0, 1}, {2, 3} or {4, 5}.
Proposal 5: Adopt Table 2 as the “PUCCH resource sets table before dedicated PUCCH resource configuration” table (i.e. Table 9.2.1-1 of TS38.213 [4]).
Proposal 6: Adopt Table 3 and Table 4 for PUCCH Format 0 and PUCCH Format 1 (respectively) resource set before dedicated PUCCH resource configuration.
Proposal7: The implicit mapping function used before dedicated PUCCH resource configuration is based on the LSB of the TC- RNTI.
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