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1. Introduction
In this contribution, we discuss remaining issues for PUCCH resource allocation.
2. PUCCH resource allocation before RRC connection setup
In the previous RAN1 meetings [1] - [2], the following agreements were made for PUCCH resource allocation before RRC connection setup.
	[bookmark: _Toc501048224][bookmark: _Hlk505673187]RAN1#92
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 
Agreements:
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, 
· Frequency 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.

RAN#92bis
Agreements:
Confirm the following working assumption:
For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequency hopping is always enabled for PUCCH transmission for FR1 and FR2.
Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· One RMSI value is used for indicating cell-specific PRB offset = 0 for PUCCH duration = 2, 4, 10,14 symbols respectively.
· (working assumption) One RMSI value is used for indicating cell-specific PRB offset = Floor(NBWP/4) for PUCCH duration = 14 symbols.
· NBWP is the size of initial UL BWP
Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· Up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH format
Agreements:
For PUCCH resource determination within a resource set before a UE has a dedicated PUCCH configuration, besides 3-bit ARI, the additional 1-bit indication is based on 
· CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration



According to the agreements at RAN1#92 and RAN1#92bis, 4-bit RMSI indicates one of 16 cell-specific configurations and 3-bit ARI + CCE-based implicit 1-bit selects one of 16 UE-specific configurations, for PUCCH resource allocation before RRC connection setup.
For cell-specific configuration table, durations and starting symbol have already agreed. Still the followings are FFS: cell-specific PRB offset, no. of entries for each duration, initial CS shift indices. Other factors besides the three factors may be considered, but no. of all entries is quite limited, which concludes the other factors should not be added.
- First, PRB offset should be able to be set to both the edge and the middle of initial BWP. In terms of providing contiguous resource allocation for PUSCH transmissions, the edge of initial BWP is better for the PRB offset as shown in Figure 1. On the other hand, from in-band, out-of-band and spurious emissions aspect, the middle of initial BWP should be applied for the PRB offset, otherwise the SINR performance at the edge of initial BWP will be degraded due to the in-band and out-of-band emissions from other bands. For spurious emission, TS38.101 [3] specifies Additional Maximum Power Reduction (AMPR) to reduce the effect of the spurious emission, where smaller transmit power is admitted for the edge of system bandwidth as Figure 2. The AMPR depends on e.g. carrier or combination of CA-bands, hence both of the edge and the middle of initial BWP is desirable for the PRB offset for flexible cell design regardless of durations. It is noted that the initial BWP can be different from system bandwidth, however now there are discussions that the same bandwidth should be configured to avoid some issues.
- Second, no. of entries for each duration should be set to four given that the PRB offset can be set to both of the edge and the middle of initial BWP based on the first bullet. This ensures good flexibility of cell design, that two entries should be used for PRB offset indicating the edge of initial BWP, and the other two entries should be used for PRB offset indicating the middle of initial BWP.
- Third, for initial CS indices, two candidates are enough for initial access. All of the remaining CS indices can be used for UEs after RRC connection setup. The CS indices are chosen to maximize the distance between CS indexes of each PUCCH format. Hence, the initial CS indices are {0, 3} for PUCCH format 0 and {0, 6} for PUCCH format 1, respectively.
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Figure 1: Contiguous resource allocation	
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Figure 2: AMPR
UE-specific configuration table can contain frequency hopping directions, UE-specific PRB offset, initial CS index as parameters but details are still FFS including what each of 3-bit ARI and CCE-based implicit 1-bit determines. 
- We have strong concern on using PDCCH CCE-based implicit way to determine the PUCCH resource. However, it was already agreed then only feasible way is that the initial CS index should be determined only by CCE-based implicit 1-bit. If CCE-index based implicit mapping is used to determine time/frequency-domain resource index, gNB should reserve double time/frequency-domain resources to one UE, where some time/frequency-domain resources are wasted. On the other hand, if CCE-index based implicit mapping is only used to determine code-domain resource index, that gNB does not need to reserve double time/frequency-domain resources to one UE (in this case, double code-domain resources are reserved).
- Second, it is straightforward that two frequency hopping directions is determined by 1-bit ARI because frequency hopping is always applied for PUCCH transmission before RRC connection setup. Then, the remaining 2-bit ARI can determine four PRB offsets.

Proposal 1:
· For resource allocation for HARQ-ACK before dedicated RRC connection setup, 
· Cell-specific PRB offsets for each duration should include both the edge and the middle of initial BWP. PRB offset for the middle of initial BWP is derived from the number of PRBs of initial BWP NBWP.
· For cell-specific configuration table by RMSI, four entries are used for each duration.
· UE-specific initial CS index is determined only by CCE-based implicit 1-bit.
Proposal 2:
· NR supports the following two tables for resource allocation for HARQ-ACK before dedicated RRC connection setup.
Table 1: Cell-specific PUCCH resource sets before dedicated PUCCH configuration
	RMSI
	PUCCH duration
	Starting symbol
	Cell specific PRB offset
	Initial CS indices
{X, Y}

	0
	2-symbol
	12
	0
	{0, 3}

	1
	
	
	4
	{0, 3}

	2
	
	
	floor (NBWP/4)
	{0, 3}

	3
	
	
	floor (NBWP/4) + 4
	{0, 3}

	4
	4-symbol
	10
	0
	{0, 6}

	5
	
	
	4
	{0, 6}

	6
	
	
	floor (NBWP/4)
	{0, 6}

	7
	
	
	floor (NBWP/4) + 4
	{0, 6}

	8
	10-symbol
	4
	0
	{0, 6}

	9
	
	
	4
	{0, 6}

	10
	
	
	floor (NBWP/4)
	{0, 6}

	11
	
	
	floor (NBWP/4) + 4
	{0, 6}

	12
	14-symbol
	0
	0
	{0, 6}

	13
	
	
	4
	{0, 6}

	14
	
	
	floor (NBWP/4)
	{0, 6}

	15
	
	
	floor (NBWP/4) + 4
	{0, 6}



Table 2: UE-specific PUCCH resource sets before dedicated PUCCH configuration
	ARI
	CCE-based implicit 1-bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	1
	0
	X

	
	1
	
	
	Y

	001
	0
	
	1
	X

	
	1
	
	
	Y

	010
	0
	
	2
	X

	
	1
	
	
	Y

	011
	0
	
	3
	X

	
	1
	
	
	Y

	100
	0
	2
	0
	X

	
	1
	
	
	Y

	101
	0
	
	1
	X

	
	1
	
	
	Y

	110
	0
	
	2
	X

	
	1
	
	
	Y

	111
	0
	
	3
	X

	
	1
	
	
	Y
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3. PUCCH resource determination for HARQ-ACK
In current specification TS 38.213 [4], the descriptions for PUCCH resource determination to report HARQ-ACK are as follows.
	[bookmark: _Toc510987662][bookmark: _Ref500241945]9.2.3	UE procedure for reporting HARQ-ACK
[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for  HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]



According to the above descriptions, multiple HARQ-ACKs for PDSCHs are reported on the PUCCH resource indicated by PUCCH resource indicator field in a last DCI. However, there is no definition which DCI should be treated as the last DCI, which results in different UE behaviors. For example, we have following two options to define/understand the ‘last’ DCI, figure 3 gives the example: 
- Option 1: If PDSCH-to-HARQ-timing-indicator fields in multiple DCIs indicate the same slot, the corresponding HARQ-ACKs are handled as one HARQ-ACK codebook and reported on the same PUCCH resource. The last DCI means that the last DCI among the DCIs indicating the same slot for HARQ-ACK feedback, the PUCCH resource indicator filed in the last DCI determines the PUCCH resource.
- Option 2: If PDSCH-to-HARQ-timing-indicator fields in multiple DCIs indicate the same slot, and if PUCCH resource indicator fields in the multiple DCIs indicate the same PUCCH resource in the slot, the corresponding HARQ-ACKs are handled as one HARQ-ACK codebook and reported on the same PUCCH resource. The last DCI means the last DCI among the DCIs indicating the same slot and the same PUCCH resource in the slot for HARQ-ACK feedback. 
As shown in the figure 3(a), two HARQ-ACKs are reported on the second PUCCH resource with blue color. HARQ-ACK for earlier transmitted PDSCH e.g. PDSCH#1 needs to be transmitted on the later PUCCH resource, which increases the latency. However, only one PUCCH resource is used hence the amount of consumed resources can be reduced; In figure 3(b), each HARQ-ACK is reported on each PUCCH resource indicated by corresponding PUCCH resource indicator field in respective DCI, which is favorable for latency sensitive traffic. In summary, Option 1 can be applied to eMBB and Option 2 is suitable for URLLC. Therefore, option 1 should be agreed for Rel-15 Dec. drop and option 2 should be supported for June drop URLLC.  Following TP is proposed for Rel-15 Dec. drop.
[image: ]
(a) Option 1
[image: ]
(b) Option 2
Figure 3: PUCCH resource determination for HARQ-ACK
Proposal 3:
· NR adopts the following TP for PUCCH resource determination:
	9.2.3	UE procedure for reporting HARQ-ACK
[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for  HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 among the DCIs indicating the same slot for HARQ-ACK feedback that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]



4. Conclusion
In this contribution, we discussed the resource allocation for PUCCH and following proposals were made:
Proposal 1:
· For resource allocation for HARQ-ACK before dedicated RRC connection setup, 
· Cell-specific PRB offsets for each duration should include both the edge and the middle of initial BWP. PRB offset for the middle of initial BWP is derived from the number of PRBs of initial BWP NBWP.
· For cell-specific configuration table by RMSI, four entries are used for each duration.
· UE-specific initial CS index is determined only by CCE-based implicit 1-bit.
Proposal 2:
· NR supports the following two tables for resource allocation for HARQ-ACK before dedicated RRC connection setup.
Table 1: Cell-specific PUCCH resource sets before dedicated PUCCH configuration
	RMSI
	PUCCH duration
	Starting symbol
	Cell specific PRB offset
	Initial CS indices
{X, Y}

	0
	2-symbol
	12
	0
	{0, 3}

	1
	
	
	4
	{0, 3}

	2
	
	
	floor (NBWP/4)
	{0, 3}

	3
	
	
	floor (NBWP/4) + 4
	{0, 3}

	4
	4-symbol
	10
	0
	{0, 6}

	5
	
	
	4
	{0, 6}

	6
	
	
	floor (NBWP/4)
	{0, 6}

	7
	
	
	floor (NBWP/4) + 4
	{0, 6}

	8
	10-symbol
	4
	0
	{0, 6}

	9
	
	
	4
	{0, 6}

	10
	
	
	floor (NBWP/4)
	{0, 6}

	11
	
	
	floor (NBWP/4) + 4
	{0, 6}

	12
	14-symbol
	0
	0
	{0, 6}

	13
	
	
	4
	{0, 6}

	14
	
	
	floor (NBWP/4)
	{0, 6}

	15
	
	
	floor (NBWP/4) + 4
	{0, 6}



Table 2: UE-specific PUCCH resource sets before dedicated PUCCH configuration
	ARI
	CCE-based implicit 1-bit
	Hopping direction
	UE specific PRB offset
	Initial CS index

	000
	0
	1
	0
	X

	
	1
	
	
	Y

	001
	0
	
	1
	X

	
	1
	
	
	Y

	010
	0
	
	2
	X

	
	1
	
	
	Y

	011
	0
	
	3
	X

	
	1
	
	
	Y

	100
	0
	2
	0
	X

	
	1
	
	
	Y

	101
	0
	
	1
	X

	
	1
	
	
	Y

	110
	0
	
	2
	X

	
	1
	
	
	Y

	111
	0
	
	3
	X

	
	1
	
	
	Y



Proposal 3:
· NR adopts the following TP for PUCCH resource determination:
	9.2.3	UE procedure for reporting HARQ-ACK
[…]

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources for  HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 among the DCIs indicating the same slot for HARQ-ACK feedback that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then across PDCCH monitoring occasion indexes.
[…]
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