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In RAN#91, the following agreement has been made regarding PUCCH resource allocation:
Agreements:
· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 
· PUCCH resource set i for UCI payload size  is in the range of {Ni, …, Ni+1-1} bits (i=0, …, K-1)
· N0=1, N1=3
· For i=2, …, K-1, Ni is UE-specifically configured 
· The value is in the range of {4, [256]} with a granularity of [4] bits
· NK= a max UCI payload size, which may be implicitly or explicitly derived, detailed value is FFS 
· Note: For a UCI payload range, a PUCCH resource set can contain resources for short PUCCH and resources for long PUCCH.

Agreements:
· When frequency hopping is enabled, the frequency resource of the 1st hop and the frequency resource of the 2nd hop are separately configured for a given PUCCH resource. 
Agreements:
· 2-bit ARI jointly with implicit mapping for PUCCH resource allocation:
· >[4] (no more than 8) PUCCH resources can be configured in a resource set.
· The number of PUCCH resources in a resource set is configured.
· If larger than [4], implicit mapping in addition to explicit indication is also used.
· A sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set
· No additional RRC impact is necessary.
· Otherwise, 3-bit ARI with up to 8 resources per resource set is supported

Agreements:
· Value range of starting symbol in a slot is 0 -13 for PUCCH Format 0 and 2.
· FFS: Not all values can be configured for a UE.
· The index of initial cyclic shift for DMRS for PUCCH format 3 is 0.
· The index of initial cyclic shift for DMRS for PUCCH format 4 can be 0, 3, 6, 9 which is determined by index of pre-DFT OCC.
· FFS: the cyclic shift hopping (no RRC impact)
· For 1-PRB, the same set of length-of-12 sequences as in Format 0 are used for DMRS in Format 3 and 4.

Agreements:
Parameters configured in PUCCH resource sets and their value ranges (see Appendix) 

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 PUCCH resource allocation with fallback DCI,
· The same approach is used as that with normal DCI.

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 the reminder of this contribution, the remaining issues for PUCCH resource allocation are addressed.
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In RAN1 #91, the following framework with mixed explicit signaling and implicit mapping has been agreed for PUCCH resource allocation after RRC connection setup:

· 2-bit ARI jointly with implicit mapping for PUCCH resource allocation:
· >[4] (no more than 8) PUCCH resources can be configured in a resource set.
· The number of PUCCH resources in a resource set is configured.
· If larger than [4], implicit mapping in addition to explicit indication is also used.
· A sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set
· No additional RRC impact is necessary.
· Otherwise, 3-bit ARI with up to 8 resources per resource set is supported

· For PUCCH resource allocation with fallback DCI, 
· The same approach is used as that with normal DCI.

According to the agreement, the 2 ARI bits in DCI will indicate a particular subs-set while implicit mapping will determine a resource index in the selected sub-set. To minimize PUCCH resource collision, the gNB may try to assign UEs into sub-sets with non-overlapping physical resources. In that way, no matter where PDCCH is transmitted, the selected physical resources for the two UEs will be different. When gNB can’t avoid assigning two UEs to two sub-sets that contains at least one identical physical resource, collision may happen. The gNB may place the PDCCHs at certain locations. Certain locations (with certain starting CCE indices) will be mapped to certain relative resource index within the resource subset. A simple mapping function may be determining the relative resource index by checking the starting CCE index being even or odd. Such mapping doesn’t work for aggregation level greater than 1 because the starting CCE index will always be even. To solve this issue, we may use a the starting CCE index normalized by aggregation level. Let M stands for the number resources within the selected resource subset, C the stating CCE index of the PDCCH and L the aggregation level. The relative resource index r within the selected subset maybe calculated as

The following tables give one example of the configured resources, where the global resource index is a virtual concept to denote a unique physical resource in the system. In the RRC configure table, the global resource index will be translated to the detailed resource definition as in the Table 1 agreed in the email discussion. According to the configured resources tables, 2 of the physical resources are identical. In one particular slot when both UE A and UE B are active, the corresponding ARI value/subset index, starting CCE index, aggregation level, relative resource index and the final global resource index are given in the following table. We can see that the two UEs are assigned to two subsets containing one identical physical resource. After implicit mapping they are assigned to different physical resources in this realization. However, if the starting CCE of UE A happens to be 4, then UE A will actually be assigned to physical resource 11 as well leading to a collision. Therefore, this combination of explicit signalling and implicit mapping won’t fully resolve all collisions. But it will reduce the collision rate because the number of configured resources per UE may be increased without increasing DCI overhead and the gNB may choose to place a PDCCH at one CCE index that minimize the collision rate. 

Table 1-1: PDCCH information
	
	ARI value/subset index
	Starting CCE
	Agg. level
	Relative resource index in subset
	Assigned global resource index

	UE A
	1
	8
	4
	0
	23

	UE B
	3
	24
	2
	0
	11




Table 1-2: Configured resources for UE A
	subset
	Relative resource index
	Global resource index

	
0
	0
	53

	
	1
	25

	
1
	0
	23

	
	1
	11

	
2
	0
	62

	
	1
	44

	
3
	0
	13

	
	1
	47




Table 1-3: Configured resources for UE B
	subset
	Relative resource index
	Global resource index

	
0
	0
	62

	
	1
	49

	
1
	0
	10

	
	1
	15

	
2
	0
	20

	
	1
	38

	
3
	0
	11

	
	1
	6



In some cases, eNB may configure PUCCH resources for a particular UE in either short or long durations. In that case, the UE is configured semi-statically of the short PUCCH or long PUCCH. It can’t switch between short PUCCH and long PUCCH dynamically. On the other hand, if a UE is configured with some PUCCH resources in short duration, other resources in long duration, the UE may be dynamically configured in either short or long duration indicated by ARI bits. For example, a UE may be RRC configured with 8 resources, 2 in short duration and 6 in long duration. There is X=2 ARI bits. The 8 resources are divided into 4 resources sub-sets, 1 in short duration and 3 in long duration. ARI bits will select one of the sub-sets and therefore the UE will know whether short PUCCH or long PUCCH format will be used. Implicit mapping is then used to obtain one of the two resources in the sub-set. The resource selection is illustrated in the following figure. 
[image: ]
Figure 3. selection of short or long duration with ARI bits

In some case, the ARI bits may be used to indicate separate resource sets corresponding to different UE IDs in MU-MIMO, different k1 value in cross-slot scheduling, different carrier index, etc. In case we have cross-slot scheduling and or carrier-aggregation, i.e., when we have multiple PDCCH/PDSCH mapped to single PUCCH, we may use the starting CCE index of the PDCCH received in the most recent slot. In CA, if there are multiple PDCCHs received in the most recent slot, we use the starting CCE index of the PDCCH with the minimum CC index. When a UE miss the last PDCCH or in CA case, miss the correct CC, the UE may use the wrong resource index. However, the probability of missing one PDCCH is only 1%. The probability of missing more PDCCHs are even smaller. Consider the benefit of implicit mapping, the loss may be acceptable. 
A pure explicit signalling scheme may have a similar problem when missing PDCCH. For example, in cross-slot scheduling case, the ARI bits may be set to different values corresponding to the different resource subset in the resource set. In this case, missing the last one or more PDCCHs will lead to resource confusion between UE and gNB. Even if the gNB intentionally control the ARI bits to be select the same resource subset, as the number of ACK bit increases, the PUCCH format or the resource set may actually change. In that case, the PUCCH resource have to change. Therefore, if the last one or more PDCCH were lost, there will be resource confusion between UE and gNB as well. Therefore, pure explicit signalling doesn’t solve the problem with missing the last one or more PDCCH. 
Furthermore, the gNB has full control on whether or not to enable implicit mapping by controlling the number of resources in the resource set. If the gNB wants to disable implicit mapping for a particular UE, it can always configure 4 or less resources in the resource set. 
We therefore make the following proposal:
Proposal 1: Use ARI bits to indicate short or long duration in the resource set 
· The resources sub-set indicated by ARI bits should contain resources in either short or long duration but not both.

Proposal 2: The resource index r within the resource sub-set is implicitly derived based on starting CCE index according to the following equation: 


· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· C is the starting CCE index of the lastly received DCI within the ACK bundling window. 
· In case of CA, C is the starting CCE index of the DCI received on the smallest CC in the last slot within the ACK bundling window
· L is the aggregation level of the PDCCH associated with C

Discussion on PUCCH Resource allocation before RRC connection setup
In RAN1#91, it has been agreed that 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)
· UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.

What’s not defined is how UE will derive the PUCCH resource set from the 4 bit RMSI, one possible way is to pre-define a large table with size N, and the 4 RMSI bits will indicate an offset within the large table. The resource set is therefore a sub-set with size N/16 in the large table. With this approach, each resource set indicated by the 4 RMSI bits can be uncorrelated from each other. However, the spec needs to define the table with a size 16 times the actually used resource set sizes. 
An alternative is to use the RMSI bits to select a RB region, that is the 4 RMSI bits indicate a RB offset. The spec will also pre-define a common table for all RMSI values. The RB index defined in the common table will be the relative RB index within the RB region. The actually used RB index will be the summation of the relative RB index in the table and the RB offset indicated by RMSI bits. For example, a 4 RMSI bit may indicate a RB offset 16, and the ACK resource index indicated by the PDCCH for msg 4 corresponds to RB 5 in the common table. The actually assigned RB index will be RB 21. 
Although it has been agreed that the similar approach to the resource allocation after RRC connection setup is used to derive the resource index within the resource set, there are some differences between the two scenarios. One major difference is the resource set is common for all UEs in the initial access while the resource set is UE specific after RRC connection setup. This means that the resource set in initial access need to be much larger than RRC configured resource sets. Otherwise, the UE capacity in initial access will be very limited, e.g., up to 8 UEs if the resource set has 8 resources. Since there are only 2 ARI bits in the DCI, the number of resources in the resource set will be much larger than 2, e.g., 20. In this case, the CCE normalization by aggregation level may not be necessary. The implicit mapping function can simply be

Furthermore, in initial access, there will not be multiple PDCCHs mapped to single PUCCH-ACK, that is no cross-slot scheduling or CA. Therefore, the UE either decode PDCCH and get the correct ACK resource or miss the grant therefore DTX. There will not be resource confusion between UE and gNB. When the resource set is larger than PDCCH capacity, that is when C is always less than M, a unique CCE index may be mapped to a unique ACK resource leading to collision free transmission. In that case, the gNB may set the 2 ARI bits as . However, it’s completely up to gNB on how to set ARI bits.
We therefore make the following proposals:
Proposal 3: Pre-define a common table for PUCCH resource sets used in the initial access and a RB offset table in the spec. 
· One resource subset in the resource set is selected by 2 ARI bits in the DCI corresponding to MSG4
· One relative resource index, r, within the subset is derived based on the following equation
· 

· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· C is the starting CCE index of the PDCCH containing the ARI bits
· One entry in the RB offset table is selected by the 4 RMSI bits
· The assigned RB index of the selected resource is modified based on the RB offset indicated by the 4 RMSI bits. 

LTE supports semi-persistent scheduling (SPS). In LTE, the PDCCH indicating release of SPS assignment is acknowledged by the UE. This allows the base station to confirm that the UE has released the assignment before assigning the SPS resources to other UEs. In NR, more generally, we can envision other such critical commands issued via PDCCH for which there is no corresponding PDSCH packet and thus no natural acknowledgment transmission. If such commands are identified, it is reasonable to consider acknowledgment for such PDCCH transmissions as well, similar to the LTE SPS-release Ack. Such Ack may follow similar rules and procedures as Acks for NR PDSCH, with regard to resource allocation. Since there is no PDSCH, the Ack timing is then related to the corresponding PDCCH timing, just as in LTE SPS-release. In LTE the SPS related PDCCH uses a different RNTI than PDSCH; note that this is not a requirement for considering whether a NR PDCCH needs acknowledgment. One example of a PDCCH that we may consider allowing acknowledgment is a PDCCH that does not schedule any packet but only indicates change of beam, since missing this PDCCH may result in beam mismatch between UE and base station. We thus have the following proposal:

Proposal 4: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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In this document, we consider the resource allocation for PUCCH, and make the following proposals:
Proposal 1: Use ARI bits to indicate short or long duration in the resource set 
· The resources sub-set indicated by ARI bits should contain resources in either short or long duration but not both.

Proposal 2: The resource index r within the resource sub-set is implicitly derived based on starting CCE index according to the following equation: 


· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· C is the starting CCE index of the lastly received DCI within the ACK bundling window. 
· In case of CA, C is the starting CCE index of the DCI received on the smallest CC in the last slot within the ACK bundling window
· L is the aggregation level of the PDCCH associated with C

Proposal 3: Pre-define a common table for PUCCH resource sets used in the initial access and a RB offset table in the spec. 
· One resource subset in the resource set is selected by 2 ARI bits in the DCI corresponding to MSG4
· One relative resource index, r, within the subset is derived based on the following equation
· 

· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· C is the starting CCE index of the PDCCH containing the ARI bits
· One entry in the RB offset table is selected by the 4 RMSI bits
· The assigned RB index of the selected resource is modified based on the RB offset indicated by the 4 RMSI bits. 
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Proposal 4: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
Appendix
Agreements:
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

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	0-13
	0 – 10
	0-13
	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
0 – 274
	FFS
0 - 274
	FFS
0 - 274
	FFS
0 - 274
	FFS
0 - 274

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
FFS
(for DMRS)
	N.A.
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 for number of slots
	
	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
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