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1. Introduction
In this contribution, resource allocation for PUCCH is discussed.
2. PUCCH resource allocation after RRC connection setup
According to an agreement of RAN1 #91, the PUCCH resource set consists of up to 8 PUCCH resources, and the ARI field in the DCI is at least 2 bits. If the ARI field is 2 bits and more than 4 PUCCH resources are configured in the PUCCH resource set, implicit mapping mechanism is used to determine the PUCCH resource. The details of implicit mapping mechanism have not been finalized yet. 
In RAN1 AH#1801, following options were discussed [1].
· 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

Regarding to option 1, we have concern to use CCE index for the case of HARQ-ACK multiplexing between PDSCHs in multiple slots/mini-slots or multiple carriers. When HARQ-ACK of multiple PDSCHs is multiplexed, if the UE fails to detect the last PDCCH on a primary cell, the UE can transmit PUCCH on wrong PUCCH resource. Then, the PUCCH will collide with other PUCCH transmission from other UEs, and it results to incorrect UCI detection for one or more UEs. To avoid the PUCCH resource ambiguity, the gNB will need to ensure that a same CCE mapping for a current PDCCH (at least CCE index = {even, odd}) for a given cell is used for subsequent PDCCH transmissions and for all other cells. It would increase PDCCH blocking probability.
For option 3, there was a proposal [2] to use TPC command of {-1, 0, 1, 3} as an implicit mapping mechanism, i.e. TPC command of {-1, 1} is recognized as implicit value of “0” and {0, 3} is recognized as implicit value of “1”. The drawback of this proposal is that a 1 dB difference in a TPC command may happen for flexible PUCCH resource allocation; however, it would be better than option 1 and option 2 because ambiguity in the PUCCH resource allocation between the gNB and the UE is avoided.
One possible modification of option 3 to avoid a 1 dB difference in a TPC command is that the implicit mapping mechanism based on TPC command is only applicable when there is a secondary cell. Since TPC command of secondary cell is not used for TPC, there is no concern to use TPC command of secondary cell for implicit mapping mechanism. In this proposal, if there is a secondary cell, maximum 8 PUCCH resources can be dynamically indicated by 2-bit DCI and TPC command of the secondary cell; and if there is no secondary cell, maximum 4 PUCCH resources can be dynamically indicated by 2-bit DCI only, i.e. the implicit value is assumed as “0”.
On the other hand, regarding to option 5, increasing ARI to 3-bit is a simple solution, and it would be the best because there is no concern on the PUCCH resource ambiguity and maximum 8 PUCCH resources can be dynamically indicated for any cases.
[bookmark: _GoBack]Proposal 1:
· For implicit PUCCH resource mapping for after RRC connection setup, either of the following is supported:
· Alt. 1: If there is a secondary cell, TPC command of the secondary cell is used for implicit mapping mechanism; if there is no secondary cell, no implicit mapping mechanism is used (modified from option 3 of RAN1 AH#1801).
· For implicit mapping mechanism, TPC command of {-1, 1} is recognized as implicit value of “0” and {0, 3} is recognized as implicit value of “1”.
· Alt. 2: No implicit indication, ARI is increased to 3 bits (option 5 of RAN1 AH#1801).

3. PUCCH resource allocation before RRC connection setup
According to the previous agreements, a 16-row table would be specified in which one row is indicated by 4-bit RMSI. In addition to 4-bit RMSI, a PUCCH resource should be indicated by [3]-bit ARI field in DCI for Msg. 4. Here, the number of bits of ARI field in DCI should be aligned with the case of after RRC connection setup.

Proposal 2:
· For before RRC connection set up, [3]-bit DCI for Msg. 4 is used to identify one PUCCH resource from a set of PUCCH resources in addition to 4-bit RMSI.

In RAN1 AH#1801, parameter value range for PUCCH resources was discussed. It should be clarified which parameters are configured by cell-specific or UE-specific. Since the duration of PUCCH is cell coverage dependent, PUCCH duration should be determined by cell specific 4-bit RMSI. For the value range of PUCCH duration, PUCCH duration = 4 should be supported in addition to already agreed 2 and 14. The reason why 4-symbol should be supported is that 4-symbol PUCCH format 1 can be transmitted on any UL slots whose duration is more than 3 symbols. For the case of the large cell coverage, 14-symbol PUCCH format 1 can be selected; and for the case of the small cell coverage, 2-symbol PUCCH format 0 or 4-symbol PUCCH format 1 can be selected according to the available number of UL symbols within the slot.
On the other hand, PRB position, initial cyclic shift, and OCC index should be indicated by UE specific [3]-bit DCI for Msg. 4.

Proposal 3:
· For before RRC connection set up, 4-bit RMSI indicates one of the following cell-specific parameter:
· PUCCH duration = {4} in addition to already agreed {2, 14} 
· For PUCCH duration = {4}, the starting symbol within a slot is symbol 10.
Proposal 4:
· For before RRC connection set up, [3]-bit DCI for Msg. 4 indicates one of the following UE-specific parameter:
· PRB position away from edge of initial UL BWP: x = {0, 1, 2, 3} 
· Initial cyclic shift = {0, 4, 8} for PF0, {0, 3, 6, 9} for PF1
· OCC index = {0, 1, 2} for PF1 w/ freq. hop

4. How to select SF for PUCCH format 1
In current TS 38.211 [clause 6.3.2.4.1 of 3, TS 38.211], SF (spreading factor) for PUCCH format 1 is given as following table. However, how to select SF for “No intra-slot hopping” or “Intra-slot hopping” is not specified. Since there are 3 higher layer parameters of PUCCH-frequency-hopping, PUCCH-starting-PRB, and PUCCH-2nd-hop-PRB, how to select SF for “No intra-slot hopping” or “Intra-slot hopping” should be specified; i.e. if UE is configured higher layer parameter of PUCCH-frequency-hopping = {disabled or enabled}, or if UE is configured higher layer parameter of PUCCH-starting-PRB = PUCCH-2nd-hop-PRB or PUCCH-starting-PRB  PUCCH-2nd-hop-PRB. A simple solution is to use higher layer parameter of PUCCH-frequency-hopping as following proposal.


Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding [3].
	
PUCCH length, 

	


	
	No intra-slot hopping


	Intra-slot hopping

	
	
	

	


	4
	2
	1
	1

	5
	2
	1
	1

	6
	3
	1
	2

	7
	3
	1
	2

	8
	4
	2
	2

	9
	4
	2
	2

	10
	5
	2
	3

	11
	5
	2
	3

	12
	6
	3
	3

	13
	6
	3
	3

	14
	7
	3
	4



Proposal 5:
· How to select SF for “Intra-slot hopping” or “No intra-slot hopping” for PUCCH format 1 should be specified in clause 6.3.2.4.1 of TS 38.211.
· SF for “No intra-slot hopping” for PUCCH format 1 is applied if UE is configured higher layer parameter of PUCCH-frequency-hopping = disabled.
· SF for “Intra-slot hopping” for PUCCH format 1 is applied if UE is configured higher layer parameter of PUCCH-frequency-hopping = enabled.

Hence, our proposal is to change the text TS38.211 [3] section 6.3.2.4.1 as following:
	[bookmark: _Toc500952723]6.3.2.4.1	Sequence modulation 






The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to





where  is given by clause 6.3.2.2.  The block of complex-valued symbols  shall be block-wise spread with the orthogonal sequence  according to



where  is given by Table 6.3.2.4.1-1. and “No intra-slot hopping” or “Intra-slot hopping” of Table 6.3.2.4.1-1 depends on the higher layer parameter PUCCH-frequency-hopping:
· “No intra-slot hopping” if PUCCH-frequency-hopping = ‘disabled’.
· “Intra-slot hopping” if PUCCH-frequency-hopping = ‘enabled’.



The orthogonal sequence  is given by Table 6.3.2.4.1-2 where  is the index of the orthogonal sequence to use according to [clasue 9.2.1 of 5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots, the complex-valued symbol  is repeated for the subsequent slots.
[…]




5. Conclusion
In this contribution, we discussed the resource allocation for PUCCH and following proposals were made:
Proposal 1:
· For implicit PUCCH resource mapping for after RRC connection setup, either of the following is supported:
· Alt. 1: If there is a secondary cell, TPC command of the secondary cell is used for implicit mapping mechanism; if there is no secondary cell, no implicit mapping mechanism is used (modified from option 3 of RAN1 AH#1801).
· For implicit mapping mechanism, TPC command of {-1, 1} is recognized as implicit value of “0” and {0, 3} is recognized as implicit value of “1”.
· Alt. 2: No implicit indication, ARI is increased to 3 bits (option 5 of RAN1 AH#1801).
Proposal 2:
· For before RRC connection set up, [3]-bit DCI for Msg. 4 is used to identify one PUCCH resource from a set of PUCCH resources in addition to 4-bit RMSI.
Proposal 3:
· For before RRC connection set up, 4-bit RMSI indicates one of the following cell-specific parameter:
· PUCCH duration = {4} in addition to already agreed {2, 14} 
· For PUCCH duration = {4}, the starting symbol within a slot is symbol 10.
Proposal 4:
· For before RRC connection set up, [3]-bit DCI for Msg. 4 indicates one of the following UE-specific parameter:
· PRB position away from edge of initial UL BWP: x = {0, 1, 2, 3} 
· Initial cyclic shift = {0, 4, 8} for PF0, {0, 3, 6, 9} for PF1
· OCC index = {0, 1, 2} for PF1 w/ freq. hop
Proposal 5:
· How to select SF for “Intra-slot hopping” or “No intra-slot hopping” for PUCCH format 1 should be specified in clause 6.3.2.4.1 of 38.211.
· SF for “No intra-slot hopping” for PUCCH format 1 is applied if UE is configured higher layer parameter of PUCCH-frequency-hopping = disabled.
· SF for “Intra-slot hopping” for PUCCH format 1 is applied if UE is configured higher layer parameter of PUCCH-frequency-hopping = enabled.
	6.3.2.4.1	Sequence modulation 






The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to





where  is given by clause 6.3.2.2.  The block of complex-valued symbols  shall be block-wise spread with the orthogonal sequence  according to



where  is given by Table 6.3.2.4.1-1. and “No intra-slot hopping” or “Intra-slot hopping” of Table 6.3.2.4.1-1 depends on the higher layer parameter PUCCH-frequency-hopping:
· “No intra-slot hopping” if PUCCH-frequency-hopping = ‘disabled’.
· “Intra-slot hopping” if PUCCH-frequency-hopping = ‘enabled’.



The orthogonal sequence  is given by Table 6.3.2.4.1-2 where  is the index of the orthogonal sequence to use according to [clasue 9.2.1 of 5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots, the complex-valued symbol  is repeated for the subsequent slots.
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