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In RAN#91, the following agreement has been made regarding PUCCH resource allocation:
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 next section, we will express our views on remaining issues related to PUCCH resource allocation.
[bookmark: _Ref471731770][bookmark: _Ref462669569]Discussion on PUCCH Resource allocation after RRC connection setup
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. Implicit mapping is used to select one of the resources in the selected resource set to reduce the collision rate.  In [1], there are 5 options listed for implicit mapping rule as below:
· Option 1: Implicit indication is based on CCE index
· Option 2: Implicit indication is based on RBG index
· Option 3: Implicit indication is based on TPC
· Option 5: No implicit indication, ARI is increased to 3 bits (reverting RAN1#91 agreement)
· Option 8: Option 1 or 2 for PUCCH format 0/1, no implicit indication for other PUCCH formats

For option 1, 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 within the selected subset r 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
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.

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 most recent PDCCH. If there are multiple CCs in the most recent PDCCH slots, we may 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. 
Option 2 is to do implicit mapping based on starting RBG index of the corresponding PDSCH. For example, with M=2 resources per resource subset, the even RBG index indicates the first resource in the resource subset and the odd RGB index indicates the second resource. The benefit of using PDSCH staring RBG index is the gNB may be easier to arrange the RBG index of the PDSCH cross slots and cross CCs so that all PDSCHs corresponding to the same ACK transmission will have all even or all odd RBG index. This way, they will be mapped to the same PUCCH resource even if the last PDCCH was not decoded successfully. 
Option 3 is based on TPC commend. Currently, there are 2 bits for TPC commend. It was proposed in [2] to use the lower two values { -1, 0} to indicate one resource in the resource subset and use the larger two values {1, 3} to indicate the other resource. The benefit of the option 3 is the gNB can easily set TPC commend to indicate the same resource cross slots or cross CCs so even if the UE miss the last PDCCH, it can still get the correct PUCCH resource. However, option 3 reduces the power control resolution. For example, the UE may need to be powered up by setting TPC commend to 3 in order to meet the performance requirement. However, to maintain the same PUCCH resource mapping, the gNB has to set TPC commend to 0. This will lead to performance degradation of the PUCCH channel and therefore not preferred.
Option 5 is based on pure explicit signalling with 3 ARI bits. This option violates the previous agreement made in RAN1#91. Furthermore, 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 resource will change also. So 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 of missing the last one or more PDCCH. 

Option 8 limits combined explicit signalling and implicit mapping to format 0/1 only, and for other formats to use explicit signalling only with 2-bit ARI. This option offers a trade-off between always pure explicit signalling and always combined explicit signalling and implicit mapping. However, this may not be necessary since it is up to gNB implementation to decide whether implicit mapping is turned on or not. 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 or a particular format, it can always configure 4 or less resources in the resource set. 
We therefore make the following proposal:
Proposal 2: The resource index r within the resource sub-set is implicitly derived based on one of the two options:
Option 1: Mapping from the 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

Option 2: Mapping from the starting RBG index according to the following equation: 

· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· I is the starting RBG index of the PDSCH

Discussion on PUCCH Resource allocation before RRC connection setup
In RAN1#92, it has been agreed that 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
· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot
· HARQ-ACK is only one bit without bundling before RRC connection 
After RRC connection set up, the normal PUCCH transmission have different repetition level from 1 slots to up to 8 slots. In order to meet the same performance requirement, the ACK transmission for MSG 4 should also have comparable repetition level. Depends on the cell deployment, e.g., different cell radius and user capacity target, the cell-specific resource set for PUCCH before RRC connection setup may be configured differently which should be reflected in the RMSI mapping tables. However, to accommodate the UEs with different link budget in large cell at least, the corresponding resource set should include resources for different durations or repetition levels. The UE specific channel condition may be estimated based on reception of MSG3, i.e., based on received power, or how many retransmissions it takes to pass CRC, etc. To support mixed duration for large cell, we can do it with two options. Option 1 is to define the RMSI mapping table with some rows containing resources for different duration. For this option the resources for different repetition level is defined explicitly. The gNB, once pick one row from the table with RMSI, can’t change it. Option 2 is to define the RMSI table based on single slot transmission and use ARI to indicate the repetition level. With this option, the gNB can control the ue-specific repetition level for the given resource. If the gNB sees no need to support repetition, i.e., in a small cell, it can set ARI always to 0. So between the two options, option 2 is simply to design and gives gNB some flexibility. 
Frequency hopping and minimum cyclic shift distance should be cell-specifically enabled or disabled. For example, for an extra small cell, a minimal cyclic shift distance 1 may be configured without freq. hopping. For a large cell, it may be configured with minimal cyclic shift distance 3 and with frequency hopping enabled. To simplify design, we may only specify intra-slot freq. hopping with inter-slot hopping always disabled. To minimize the impact of RB segmentation caused by ACK transmission in the initial access, the RBs for ACK transmission should be placed to the edge of the initial access UL BWP as much as possible. 
The number of resources per resource set in one row will be the product of the number of RBs, the number of usable shifts and the number of OCCs. One example of the 16-row RMSI mapping table is given as follows:
Table 2-1: RMSI mapping table
	RMSI values
	RB index of the 1st hop for short duration
	RB index of the 1st hop for long duration with 1 slot
	Intra-slot freq. hopping enabled
	Minimum shift distance
	Number of resources

	0
	{0}
	NA
	0
	1
	12

	1
	{0, 1}
	NA
	0
	2
	12

	2
	{0, 1}
	NA
	1
	2
	12

	3
	NA
	{0}
	0
	1
	36

	4
	NA
	{0}
	1
	1
	36

	5
	NA
	{0, 1}
	0
	2
	36

	6
	NA
	{0, 1}
	1
	2
	36

	7
	NA
	{0, 1}
	0
	3
	24

	8
	NA
	{0, 1}
	1
	3
	24

	9
	NA
	{0, 1, 2}
	0
	3
	36

	10
	NA
	{0, 1, 2}
	1
	3
	36

	10
	Reserved



Reserved

	11
	

	12
	

	13
	

	14
	

	15
	














Note that:
· When intra-slot frequency hopping is enabled, RB index of the second hop follows mirror hopping rule within the initial access UL BWP. For example, if the RB index of the 1st hop is m, the RB index of the second hop will be N-1-m. 
· N is the bandwidth of the initial access UL BWP

The ARI in PDCCH for MSG 4 may be used to select the ue-specific repetition level as bellows:
Table 2-4: ARI mapping table alternative 1

	ARI
	Repetition level 

	0
	1

	1
	2

	2
	4

	3
	8



We therefore make the following proposal:
Proposal 3: For PUCCH resource allocation before RRC connection setup, define the 16-row RMSI mapping table to specify the following parameters: 
· Intra-slot hopping is enabled or not 
· Minimum cyclic shift distance
· RB index for the 1st hop for short duration, or long duration 
· The RBs used for PUCCH transmission should be placed towards the edge of system if possible 

Proposal 4: For PUCCH resource allocation before RRC connection setup, use ARI to indicate the repetition level of the ACK transmission. 

[bookmark: _GoBack]In initial access, there will be no 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. The CCE based implicit mapping will be a perfect solution to provide resource selection within the resource set, which is a row indicated by RMSI in Table 2-1. We may use the same implicit mapping function as in the connected state. Once we determined the resource index within the subset, we can determine the RB index, OCC index, and cyclic shift index.  
We therefore make the following proposals:
Proposal 5: For PUCCH resource allocation before RRC connection setup, use the following equation to determine the resource index r within the resource set indicated by RMSI 

· M is the number of PUCCH resources in the resource set indicated by RMSI
· C is the starting CCE index of the PDCCH containing the ARI bits 
· L is the aggregation level of the PDCCH containing the ARI 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 6: 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 one of the two options:
Option 1: Mapping from the 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

Option 2: Mapping from the starting RBG index according to the following equation: 

· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· I is the starting RBG index of the PDSCH

Proposal 3: For PUCCH resource allocation before RRC connection setup, define the 16-row RMSI mapping table to specify the following parameters: 
· Intra-slot hopping is enabled or not 
· Minimum cyclic shift distance
· RB index for the 1st hop for short duration, or long duration 
· The RBs used for PUCCH transmission should be placed to the edge of system if possible 

Proposal 4: For PUCCH resource allocation before RRC connection setup, use ARI to indicate the repetition level of the ACK transmission. 
Proposal 5: For PUCCH resource allocation before RRC connection setup, use the following equation to determine the resource index r within the resource set indicated by RMSI 

· M is the number of PUCCH resources in the resource set indicated by RMSI
· C is the starting CCE index of the PDCCH containing the ARI bits 
· L is the aggregation level of the PDCCH containing the ARI bits

Proposal 6: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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