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1. Introduction

In this paper, our views on PUCCH resource allocation remaining issues are presented.
2. Discussion
2.1. Implicit mapping when >4 resources configured in a resource set
There were intensive discussions on the implicit mapping approaches in RAN1#AH NR 1801. But no agreement was achieved. An down-selection can be made based on the options listed in the offline summary [5]:
· 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

The major concern about Option 1 is still the DCI mis-detection issue. When the last DCI is mis-detected, the UE would derive the PUCCH resource from the last second DCI by mistake. If the gNB anticipate the possibility of DCI mis-detection on UE side, the gNB can perform decoding on multiple hypothesized PUCCH resources to guarantee the successful PUCCH reception. Another consequence the DCI mis-detection may lead to is the potential unexpected collision. When the UE derive the PUCCH resource from the last second PDCCH by mistake and the resource implied by the last second PDCCH has been re-allocated to other UEs, an unexpected collision would happen. From our perspective, it is difficult to specify a procedure in the PHY specification to completely avoid or correct this error. The gNB can reuse the PDCCH resource or expand the PUCCH resource without changing the CCE-index derivation when updating the PUCCH allocation. This definitely sets a constraint to gNB scheduler. Considering the small error probability, the robustness of this scheme is acceptable. It should be noticed that other approaches including the pure explicit indication (e.g. Option 5) face to the similar problems when the DCI conveying the last ARI is missed, when the UE would derive the PUCCH resource based on the second last ARI. If gNB does not like to take the risk of DCI mis-detection, it can only group UEs without multiple PDCCHs mapped to a PUCCH into a subset. The PUCCH resource for a UE with multiple mapped PDCCH is put in a dedicated subset.
An improved approach was proposed that the PUCCH resource is mapped from CCE index with a pseudo-random offset. It may provide further randomization beyond simple CCE-index mapping. But considering there are only 2 resources in a resource subset, i.e. only the odd index or even index needs to be selected by implicit mapping, the further randomization seems not to have a sounding necessity. And the approach cannot resolve the DCI mis-detection issue.
Option 2 is to some extent similar to Option 1 because they both use a mapping to the index of a gNB-scheduled DL resource. The difference is that the scheduled DL resource is for PDCCH in Option 1 and for PDSCH in Option 2. In case the last DCI is missing, the scheduled RBG index would also be mis-understand. And PDSCH needs a better scheduling flexibility than PDCCH, it is more unreasonable to restrict the changing of RBG index than that of CCE index. Hence we do not see convincable advantage in Option 2.
TPC-based implicit mapping in Option 3 takes the advantage of slowly-changing TPC parameter. In most of cases, the TPC value may be relatively stable. However, the problem is that power control is not the full freedom of gNB as resource allocation, but should follow the real channel condition. The gNB can take the scheduling restrict if it feels the performance loss is acceptable. However, if the TPC needs to be adjusted to combat the channel deterioration, it is more unreasonable gNB suspends the adjustment.
Option 8 can also be considered if it can resolve the concerns about the DCI mis-detection issue. For PUCCH format 0 and 1, multiple PDCCHs being mapped to a PUCCH less likely happens. gNB can group the UEs with small payload UCI in a PUCCH resource subset. Actually, Option 1 can also use this principle by gNB implementation, i.e. only grouping UEs without multiple PDCCHs mapped to a PUCCH (no matter which format) into a subset. The PUCCH resource for a UE with multiple mapped PDCCH is put in a dedicated subset.
Proposal 1: When >4 resources are configured in a resource set, downselect from the following two options:

· Option 1: Implicit indication is based on CCE index

· Option 8: Option 1 or 2 for PUCCH format 0/1, no implicit indication for other PUCCH formats

2.2. Resource allocation for HARQ-ACK before RRC connection setup
Two agreements in RAN1#AH NR 1801 meeting set a basis for this issue. 
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 

And in RAN1#91 meeting, it was agreed as belows
Agreement:

· 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.
Therefore the PUCCH resource allocation before RRC connection should follow the design for the RRC-connected scenario. In the discussion in RAN1#AH NR 1801, it seems most companies think more than 16 UEs should be supported in a cell before RRC (re)connection. In the initial access procedure, no multiple PDCCHs are mapped to a PUCCH. Hence even with the DCI mis-detection the CCE index based mapping would not lead to additional PUCCH resource collision. Thus we suggest to take the following proposal.
Proposal 2:
· For resource allocation for HARQ-ACK before RRC connection setup, 2-bit ARI jointly with implicit mapping for PUCCH resource allocation within a RMSI-indicated resource set:
· Up to [16] PUCCH resources can be configured in a resource set.
· If the number of resource ＞ 4, a sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set
· Implicit mapping is based on CCE index
Regarding the PUCCH duration, 2 and 14 symbols have been agreed. 1 symbol and 12 symbols, from our perspective, do not bring obvious differences from 2 and 14 respectively. At most one additional duration can be considered beyond 2 and 14, e.g. 4 symbols, for further flexibility.
Proposal 3: 
· For resource allocation for HARQ-ACK before RRC connection setup, PUCCH duration can be {2, 4, 14} symbols
It was agreed that 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 in order to enable the inter-cell interference coordination. It is sufficient to support 4 neighboring cells to have different frequency resources. Hence the PRBs in the initial BWP can be grouped into 4 cell-specific groups. 
If one cell only consists of 2 PRB pairs (as depicted in Figure 1), x={0, 1, 2, 3} is sufficient. And if 2 cyclic shifts (e.g. {0, 6}) are used for one PRB pair, 4 resources are configured in a cell. The HARQ-ACK resource can be determined by explicit ARI indication, and no implicit mapping is needed, as shown in Table 1. However, only 4 UEs are supported per slot in this case.
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Figure 1: HARQ-ACK resources only with 2-bit ARI indication

Table 1: HARQ-ACK resource table only with 2-bit ARI indication

	RMSI
	ARI
	Staring PRB
	Cyclic shift

	1
	00
	0
	0

	
	01
	0
	6

	
	10
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If the UE capacity for a cell needs to be extended to 16 UEs per slot, more resources in frequency-domain as well as code-domain need to be available. For example, one cell can consist of 4 PRB pairs (as depicted in Figure 2), and 4 cyclic shifts (e.g. {0, 3, 6, 9}) are used for one PRB pair. Thus 16 resources are configured in a cell, and 16 UEs are supported per slot. In this case the HARQ-ACK resource sub-set can be determined by the ARI indication, and one among the 4 resources in a sub-set is determined by implicit mapping, as shown in Table 2. In this case, x={{0,4},{1,5},{2,6},{3,7}}. There are 4 candidate starting PRBs for a cell. 
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Figure 2: HARQ-ACK resources only with ARI indication and implicit mapping
Table 2: HARQ-ACK resource table only with 2-bit ARI indication and implicit mapping
	RMSI
	ARI
	Implicit mapping index
	Staring PRB
	Cyclic shift

	1
	00
	Index 1
	0
	0

	
	
	Index 2
	0
	6

	
	
	Index 3
	4
	0

	
	
	Index 4
	4
	6

	
	01
	Index 1
	0
	3

	
	
	Index 2
	0
	9

	
	
	Index 3
	4
	3

	
	
	Index 4
	4
	9

	
	10
	Index 1
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Figure 2 is the example for the hopping case. For a UE without hopping, the PRB is always the starting PRB in Table 2 over the slot.
In our opinion, for the UE supporting UL frequeny hopping, the hopping should be always enabled for PUCCH. Thus there is no need to indicate hopping or not using RMSI or ARI. In a cell, there may be some UE supporting hopping while some not supporting hopping. The PRB configuration in Figure 2 has the advantage of multiplexing the two types of UEs. In this case, the 4 starting PRBs in a cell can be used for hopping and non-hopping UEs. As shown in Figure 3, taking Cell 0 as example, PRB 0 and 
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Figure 3: Multiplexing of hopping UEs and non-hopping UEs
Proposal 4: 
· For resource allocation for HARQ-ACK before RRC connection setup, frequency hopping is always enabled for the UEs supporting hopping.
· Starting PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· x={{0,4},{1,5},{2,6},{3,7}}
3. Conclusions

Proposal 1: When >4 resources are configured in a resource set, downselect from the following two options:

· Option 1: Implicit indication is based on CCE index

· Option 8: Option 1 or 2 for PUCCH format 0/1, no implicit indication for other PUCCH formats

Proposal 2:
· For resource allocation for HARQ-ACK before RRC connection setup, 2-bit ARI jointly with implicit mapping for PUCCH resource allocation within a RMSI-indicated resource set:
· Up to [16] PUCCH resources can be configured in a resource set.
· If the number of resource ＞ 4, a sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set
· Implicit mapping is based on CCE index
Proposal 3: 
· For resource allocation for HARQ-ACK before RRC connection setup, PUCCH duration can be {2, 4, 14} symbols
Proposal 4: 
· For resource allocation for HARQ-ACK before RRC connection setup, frequency hopping is always enabled for the UEs supporting hopping.
· Starting PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· x={{0,4},{1,5},{2,6},{3,7}}
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