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Introduction
In the RAN1#91 meeting, the following agreements on PUCCH resource allocation were reached [1]. 
	Agreements:
· 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


In this contribution, we present several change requests related to PUCCH resource allocation for 3GPP TS 38.213, based on the latest version [2]. 
[bookmark: _Ref500241945][bookmark: _Toc501387550]	UE procedure for reporting HARQ-ACK
In the RAN1#91 meeting, it was agreed to use a 2-bit ARI jointly with implicit mapping for PUCCH resource allocation. When the number of resources in one resource set is more than 4, a sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set. However, the characteristics of subset and the detailed mapping function are not specified yet. 
One intention of introducing implicit mapping is to enable more alternatives within a resource set while not increasing the ARI overhead. However, the selection within a subset would not be always fully controlled by gNB. Therefore, the two resources within a subset better to have a same format. Otherwise, mismatch of required PUCCH format and actual transmitted format would lead to possible resource waste or even failure of transmission. For example, a UE is expected to transmit more than 2 bits UCI, while the selected resource corresponds to a PUCCH format for up to 2 bits UCI. In such case, the transmission would be unable to be accomplished.  
Proposal 1: The two resources within a subset corresponds to a same PUCCH format. 
Another benefit of implicit mapping is to reduce the possibility of collision among UEs, though cannot be avoided. In LTE, the lowest CCE index of the DL assignment is used to avoid collision among UEs scheduled in one subframe. In NR, it seems also necessary to introduce a parameter depending on the slot index in which the DL assignment is transmitted. Because, the HARQ-ACK corresponding to multiple PDSCH from different slots may be transmitted in one PUCCH. Therefore, we propose that the resource index within a subset is given as, 

where  and L is the lowest CCE index and aggregation level of the DL assignment in slot , respectively.  is a pseudo-random function and initialized by a configured ID. 
Proposal 2: The resource index within a subset is implicitly indicated by 

Therefore, we propose that, 
-------------------------------Text Proposal for Section 9.2.3 of TS 38.213 -----------------------------
	…
If the PUCCH-resource-set-size is larger than four and the PUCCH resource indicator field indicates two PUCCH resources, the UE determines a PUCCH resource from the two PUCCH resources through a the following mapping function to other parameters. 

where  and L is the lowest CCE index and aggregation level of the DL assignment in slot , respectively.  is a pseudo-random function and initialized by , where if no value for is configured by higher layers,, otherwise, .


UE procedure for multiplexing HARQ-ACK/SR and CSI
In Section 9.2.5.2, a rule is defined to select a PUCCH Format 2 resource or a PUCCH Format 3 resource or a PUCCH Format 4 resource when the UE does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR and the UE is configured to transmit periodic/semi-persistent CSI report(s). The main idea is to use a minimum number of PRBs satisfying the code rate requirement. However, there could be possible that the minimum number of PRBs for different PUCCH format is the same. Then a further rule shall be defined. Using the same methodology as the minimum PRBs, PUCCH format 2 with shortest duration shall have a higher priority, followed by PUCCH format 4 with multiplexing capacity, and PUCCH format 3 has lowest priority. 
Proposal 3: When the UE does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR, and at least two PUCCH formats result in a same minimum number of PRBs, UE shall select a PUCCH format according to priority order: PUCCH format 2 > PUCCH format 4 > PUCCH format 3. 



Another issue here is that, the index j inshall be in the range of , not . Otherwise, j+1 could be J which is an invalid index. 
Thus, we propose that, 
------------------------------Text Proposal for Section 9.2.5.2 of TS 38.213 ---------------------------
	If a UE has periodic/semi-persistent CSI reports and HARQ-ACK/SR to transmit in a PUCCH and the UE does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR and the UE is configured to transmit periodic/semi-persistent CSI report(s) in a PUCCH using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, respectively, and PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI, respectively 



-	if the UE is configured with  PUCCH format 2 resources, or with  PUCCH format 3 resources, or with  PUCCH format 4 resources, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for a number of corresponding REs, 







-	if , the PUCCH uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1; If at least two PUCCH formats result in the same minimum number  of PRBs, UE shall select a PUCCH format according to priority order: PUCCH format 2 > PUCCH format 4 > PUCCH format 3. 








-	else if  and ,  , the UE transmits a PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the PUCCH uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1; If at least two PUCCH formats result in the same minimum number  of PRBs, UE shall select a PUCCH format according to priority order: PUCCH format 2 > PUCCH format 4 > PUCCH format 3.






-	else the PUCCH uses PUCCH format 2 resource , or the PUCCH format 3 resource , or the PUCCH format 4 resource  by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Subclauses 9.2.3 and 9.2.5.1. If at least two PUCCH formats result in the same minimum number  of PRBs, UE shall select a PUCCH format according to priority order: PUCCH format 2 > PUCCH format 4 > PUCCH format 3, where

[bookmark: _GoBack]-	 is the total number of HARQ-ACK bits;


-	 if there is no scheduling request bit; otherwise, ;

-	 is the total number of CSI reports bits; 

-	 is the total number of CRC bits, if any;
…… 


Conclusion
In this contribution, we present two change requests on PUCCH resource allocation for TS 38.213, and have a following proposal. 
Proposal 1: The two resources within a subset corresponds to a same PUCCH format. 
Proposal 2: The resource index within a subset is implicitly indicated by 

Proposal 3: When the UE does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR, and at least two PUCCH formats result in the same minimum number of PRBs, UE shall select a PUCCH format according to priority order: PUCCH format 2 > PUCCH format 4 > PUCCH format 3. 
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