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1. Introduction
In RAN #92 meeting, there was discussion on PUCCH resource allocation for HARQ-ACK before RRC connection setup and the following agreements were made [1]:
	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.
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.


In this contribution, we provide our view on the remaining issues on PUCCH resource allocation.

2. Discussion
2.1. PUCCH resource allocation before RRC connection setup
Based on the agreements from RAN1 #91 that UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup [2], the following step-wise procedure can be considered for PUCCH resource allocation before RRC connection setup.
(1) Step 0: Up to 16 PUCCH resource sets are defined in spec.
(2) Step 1: One of the 16 resource sets is configured by 4-bit parameter in RMSI.
(3) Step 2: One of 4 sub-sets in the configured resource set is indicated by 2-bit PUCCH resource indicator (denoted as ARI hereafter) field in DCI.
(4) Step 3: One PUCCH resource in the indicated sub-set is determined by implicit mapping.
Considering that variable specifying a resource of PUCCH format 0 and format 1 (denoted as PUCCH F0 and PUCCH F1 hereafter) are a PUCCH duration, a starting symbol index, a cyclic shift (CS) index, a orthogonal cover code (OCC) index, and a PRB index, the next step would be to decide which variables are determined for a PUCCH resource at each step. In step 1, RMSI provides a single combination of PUCCH duration and starting symbol index and candidates for PRB indices. In step 2, 3-bit PUCCH resource indicator (denoted as ‘ARI’ hereafter) field in DCI can be used to divide the PUCCH resource set into 8 sub-sets in frequency and/or code domain for multiplexing of PUCCH resources among multiple UEs. Considering that there can be a case where the frequency domain resources are relatively confined, it would be better to indicate CS/OCC index using explicit signalling (i.e., ARI field in DCI). This is because the number of candidates PRB indexes could be insufficient to avoid potential collision of multiple PUCCH resource(s) from multiple UE(s) while multiplexing capacity achieved by CDM would be always kept same regardless of frequency domain resources. For example, (initial) CS indexes for PUCCH F0 can be {0, 3} or {0, 6}, and CS indexes for PUCCH F1 can be {0, 3, 6, 9}. For PUCCH F0, if (initial) CS indexes are {0, 3} (or {0, 6}), two CS pairs of {0, 6} and {3, 9} (or {0, 3} and {6, 9}) can be used for HARQ-ACK transmission for two UEs in a PRB. Then, DCI can indicate one of the CS values while OCC index is implicitly determined by CS index. For i-th CS index, OCC index equals to (i mod OCC length) can be used. Since only two CS would be used for PUCCH F0, remaining ARI can also be used to indicate one value of X among two candidate values for X.
Proposal #1: For PUCCH format 0 resource before RRC connection setup, 3-bit ARI field in DCI indicates a combination of (initial) CS index and a value of X (e.g., X PRBs away from each edge).
· (initial) CS indexes of {0, 3} or {0, 6} can be used
· Candidates for X are configured by RMSI (e.g., X1, X2, X3, X4)
Proposal #2: For PUCCH format 1 resource before RRC connection setup, 3-bit ARI field in DCI indicates a combination of (initial) CS index and OCC index.
· (initial) CS indexes of {0, 3, 6, 9} can be used
· OCC index can be implicitly determined by CS index
· Candidates for X are configured by RMSI (e.g., X1, X2)

Finally, in step 3, implicit mapping can indicate frequency hopping direction (e.g., low frequency to high frequency or high frequency to low frequency). Table 1 below shows an example of the 16-row table derived by RMSI and ‘↑’ and ‘↓’ are used to express the two frequency hopping directions in the example for notational convenience.
Table 1. Example of 16-row table derived by RMSI
	4-bit RMSI
	PUCCH duration
	Starting symbol
	X value(s)
	Freq. hopping

	0000
	2
	12
	{0, 1, 2, 3}
	{↑, ↓}

	0001
	2
	12
	{2, 3, 4, 5}
	{↑, ↓}

	0010
	2
	12
	{4, 5, 6, 7}
	{↑, ↓}

	0011
	2
	12
	{6, 7, 8, 9}
	{↑, ↓}

	0100
	4
	10
	{0, 1}
	{↑, ↓}

	0101
	4
	10
	{2, 3}
	{↑, ↓}

	0110
	4
	10
	{4, 5}
	{↑, ↓}

	0111
	4
	10
	{6, 7}
	{↑, ↓}

	1000
	10
	4
	{0, 1}
	{↑, ↓}

	1001
	10
	4
	{2, 3}
	{↑, ↓}

	1010
	10
	4
	{4, 5}
	{↑, ↓}

	1011
	10
	4
	{6, 7}
	{↑, ↓}

	1100
	14
	0
	{0, 1}
	{↑, ↓}

	1101
	14
	0
	{2, 3}
	{↑, ↓}

	1110
	14
	0
	{4, 5}
	{↑, ↓}

	1111
	14
	0
	{6, 7}
	{↑, ↓}



Table 2 below shows the information indicated by the 3-bit ARI in DCI for PUCCH F0 and PUCCH F1, where X1, X2, X3,and X4 are X values configured by RMSI for PUCCH F0 and L means the length of OCC.
Table 2. Example of 3-bit ARI indication
	3-bit ARI
	PUCCH F0
	PUCCH F1

	
	(initial) CS index
	{X1, X2, X3, X4}
	CS index
	OCC index
	{X1, X2}

	000
	0
	X1
	0
	0 mod L
	X1

	001
	0
	X2
	0
	0 mod L
	X2

	010
	0
	X3
	3
	1 mod L
	X1

	011
	0
	X4
	3
	1 mod L
	X2

	100
	3
	X1
	6
	2 mod L
	X1

	101
	3
	X2
	6
	2 mod L
	X2

	110
	3
	X3
	9
	3 mod L
	X1

	111
	3
	X4
	9
	3 mod L
	X2



Finally, Table 3 shows an example of indicating the direction of frequency hopping by 1-bit implicit mapping.
Table 3. Example of 1-bit implicit mapping
	1 bit
	Freq. hopping

	0
	↑

	1
	↓



In RAN1 NR AH1801, it was agreed that HARQ-ACK is only one bit without bundling before RRC connection [3]. Regarding this, it can be considered to use DAI field (2 bits) in DCI for other purpose before RRC connection. One potential usage is to indicate additional information for PUCCH resource allocation before RRC connection. For example, (single-slot) PUCCH resource can be determined by RMSI, ARI, and implicit mapping and then the DAI field can indicate additional information for the (single-slot) PUCCH resource as below.
(1) Additional starting symbol offset for the (single-slot) PUCCH resource (e.g., PUCCH format 0)
(2) Multi-slot transmission triggering for the (single-slot) PUCCH resource (e.g., PUCCH format 1)
(3) PUCCH resource set change indication (i.e., offset to the RMSI value)
The use of DAI field for indication of additional information would be beneficial since gNB can allocate a more UE-specific PUCCH resource. For example, if (cell-specific) RMSI configures multi-slot PUCCH resource(s), all UEs in the cell should use the multi-slot PUCCH resources, and consequently, the efficiency of UL resource utilization would be degraded.
Proposal #3: For PUCCH resource before RRC connection setup, DAI field in DL scheduling DCI can indicate additional information.

2.2. Implicit mapping for PUCCH resource allocation
In RAN1#92 meeting, it was agreed to use an implicit mapping (in addition to explicit indication) for PUCCH resource allocation in case of the PUCCH resource set configuring with more than 8 (no more than 32) PUCCH resources and UCI payload size is equal to or smaller than 2 bits, but the mapping function is not defined yet. On this issue, the following proposal was made in RAN1#91 based on some offline discussion [4].
	Proposal:
When >[4] PUCCH resources are configured in a resource set, the PUCCH resource index r within the sub-set is derived by: 
r = mod (C/L, M)
where 
· M is the number of PUCCH resources in the resource sub-set
· C is the starting CCE index of the PDCCH conveying the ARI
· In case HARQ-ACK multiplexing or multiple PDCCH for a UE, C is the starting CCE index of the last received PDCCH for the UE.
· L is the aggregation level of the PDCCH conveying the ARI.


In our view, considering UE operation complexity and gNB scheduling flexibility, the above proposal is reasonable as the mapping function for implicit PUCCH resource allocation. Regarding the case if the UE misses the last scheduled PDCCH from the gNB, it could be handled by gNB implementation, for example, by using the CCE indexes providing a same PUCCH resource index for the last a few PDCCHs. Additionally, it has been argued that if the CCE indexes of the PDSCHs for different UEs received at different PDCCH search spaces are the same, the PUCCH resources may collide. However, in this case, gNB can avoid the PUCCH collision by configuring different PUCCH resource sets for those PDCCH search spaces or by indicating different ARI values even when the same PUCCH resource set is configured.
Proposal #4: For implicit mapping for PUCCH resource allocation, the following mapping function is used.
r = mod (C/L, M)
· M is the number of PUCCH resources in the resource sub-set
· C is the starting CCE index of the PDCCH conveying the ARI

3. Conclusion
In this contribution, we discussed the remaining issued on PUCCH resource allocation and the followings are proposed:
Proposal #1: For PUCCH format 0 resource before RRC connection setup, 3-bit ARI field in DCI indicates a combination of (initial) CS index and a value of X (e.g., X PRBs away from each edge).
· (initial) CS indexes of {0, 3} or {0, 6} can be used
· Candidates for X are configured by RMSI (e.g., X1, X2, X3, X4)
Proposal #2: For PUCCH format 1 resource before RRC connection setup, 3-bit ARI field in DCI indicates a combination of (initial) CS index and OCC index.
· (initial) CS indexes of {0, 3, 6, 9} can be used
· OCC index can be implicitly determined by CS index
· Candidates for X are configured by RMSI (e.g., X1, X2)
Proposal #3: For PUCCH resource before RRC connection setup, DAI field in DL scheduling DCI can indicate additional information.
Proposal #4: For implicit mapping for PUCCH resource allocation, the following mapping function is used.
r = mod (C/L, M)
· M is the number of PUCCH resources in the resource sub-set
· C is the starting CCE index of the PDCCH conveying the ARI
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