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Introduction
In RAN1#82bis, enhancements on UL control signaling were discussed with the following agreements:
Agreements:
· The PUSCH-like new PUCCH format is designed as follows:
· The PUCCH resource without multiplexing is represented by the following factors.
· Starting PRB index (0-109)
· The number of PRBs (3 bits)
Agreement:
· For the PUSCH-like new PUCCH format,
· At least when ARI is available, PUCCH resource is indicated by ARI.
· 2-bit ARI indicates one of the PUCCH resources configured by higher-layers.
Agreement: 
· For both FDD and TDD, configure 4 PUCCH resources for whichever of the new PUCCH formats is configured, indicated by ARI
· In case of the PUSCH-like format, each PUCCH resource may comprise a different number of PRBs
· FFS which ARI applies in case of payload size changing during bundling window with TDD.

Agreements:
· At least for FDD, for the Rel-13 UE configured to transmit up to more than 22 HARQ-ACK bits with a dynamic codebook configuration (i.e., the maximum possible codebook size is more than 22 bits) in a subframe, 
· Dynamic adaptation between PUCCH format 3 and one of the new PUCCH formats is supported for the actual HARQ-ACK transmission
In this contribution, we show our views on the resource allocation for new PUCCH format.
Discussions
1.1 Resource allocation for multi-CC periodic CSI with/without HARQ-ACK
As it is proposed in [1], both PUCCH format 4 and PUCCH format 5 can be used for multi-CC periodic CSI reports. Hence, resource of PUCCH format 4 or PUCCH format 5 for periodic CSI should be configured semi-statically for each UE. 
Proposal 1: The resource of PUCCH format 4 and 5 for periodic CSI report could be semi-statically configured independently from the resource for HARQ-ACK.
As it is proposed in [1], both PUCCH format 4 and PUCCH format 5 can be used for simultaneous transmission of HARQ-ACK and multi-CC periodic CSI. .  Thus, both the resources of PUCCH format 4/5 configured for HARQ-ACK  could  support multiplexing of HARQ-ACK, multi-CC periodic CSI, and SR. The design of PUCCH format 3 supports multiplexing of HARQ-ACK and periodic CSI. In order to support dynamic format switching, the resource configured for PUCCH format 4/5 for HARQ-ACK could  be used for multiplexing  of SR, HARQ-ACK and multi-CC periodic CSI when they collide in a subframe.
Proposal 2: The resource of PUCCH format 4 and 5 configure for HARQ-ACK should be used for  multiplexing of SR, HARQ-ACK and multi-CC periodic CSI when they collide in a subframe.
1.2 Dynamic PUCCH format adaptation
In order to support dynamic switching between PUCCH format 3 and new PUCCH format (either PUCCH format 4 or PUCCH format 5) with HARQ-ACK transmission, there should be a triggering point, such as HARQ-ACK payload size at 22 bits, needs to be specified. Using HARQ-ACK codebook size as the switching criteria has the challenge of codebook size ambiguity. Rel-10 PUCCH format 3 uses a fixed HARQ-ACK codebook size based on the total number of HARQ processes derived from the configured carriers and the number of DL subframes associated with one UL PUCCH subframe. New PUCCH formats 4 and 5 could be configured to use dynamic HARQ-ACK codebook  based on the number of HARQ processes derived from the scheduled DL carriers and the number of scheduled DL subframes associated with one UL PUCCH subframe. In addition, Rel-10 PUCCH format 3 would not support HARQ-ACK bits more than 5 configured carrier aggregations regardless how many HARQ-ACK bits are destined to transmit in the UL PUCCH subframe in existing specification. Hence, there will be ambiguity between PUCCH format 3 and new PUCCH format 4 or 5 at the triggering point. To solve the ambiguity problem, several alternatives can be considered as follows,
· Alt 1: Using the dynamic HARQ-ACK codebook size of new PUCCH format as the triggering point. While dynamic HARQ-ACK codebook size is determined to be larger than 22 bits, new PUCCH format is used to carry the dynamic HARQ-ACK bits. Otherwise, PUCCH format 3 is used with HARQ-ACK bits based on scheduled number of HARQ processes. PUCCH format 3 would be enhanced in Rel-13 to support HARQ-ACK bits based on dynamic codebook size and more than 5 configured CCs. The drawback of this alternative is that HARQ-ACK codebook size of PUCCH format 3 for legacy UEs and Rel-13 UE would be different. The eNB needs to know the UE release when decoding PUCCH format 3.  
· Alt 2: Using the fixed HARQ-ACK codebook size of PUCCH format 3 as the triggering point. When the fixed HARQ-ACK codebook size, which is based on the number of configured carriers and the number of DL subframes associated with one UL PUCCH subframe, is larger than 22 bits, new PUCCH format is used to carry the HARQ-ACK bits according to the dynamic HARQ-ACK codebook size. Otherwise, PUCCH format 3 is used to carry the HARQ-ACK bits as that in Rel-12. The drawback of this alternative is that new PUCCH format might carry the HARQ-ACK bits well smaller than 22 bits due to the discrepancy between the number of configured and scheduled HARQ processes associated with one UL PUCCH subframe.
Since Alt 1 is more efficient from the perspective of supporting dynamic PUCCH format adaptation, we propose to use Alt 1 for dynamic PUCCH format adaptation. In case of simultaneous transmission of HARQ-ACK with other UCI, such as multi-CC periodic CSI and/or SR, the triggering point shall be the total number of bits of HARQ-ACK and other UCI. Since simultaneous transmission of HARQ-ACK and periodic CSI is enabled separately for PUCCH format 3 and new PUCCH format, and the supporting of UCI combination transmission is different for PUCCH format 3 and new PUCCH format. This means that the UCI content on PUCCH is different by following different UCI combination transmission rules for PUCCH format 3 and new PUCCH format. Hence, there should be a rule to decide what UCI content should be taken into account in the UL subframe with HARQ-ACK and other UCI when compared with the triggering point.  
If  UCI combination transmission rules for PUCCH format 3 are used to determine the UCI content, more periodic CSI will be dropped. For example in the scenario of HARQ-ACK, SR and periodic CSI in the same UL subframe, only the total number  of HARQ-ACK and SR bits is used as the reference to determine the format switching since periodic CSI will be dropped when collide with SR for PUCCH format 3.  When  HARQ-ACK and periodic CSI are in the same UL subframe, only the total number  of HARQ-ACK and single-CC periodic CSI bits is used as the  the decision matrix of the format switching since PUCCH format 3 only supports simultaneous transmission of HARQ-ACK and single-CC periodic CSI. The probability of CSI dropping increase if the rule of format switching follows to the UCI multiplexing and dropping principle of Rel-10 PUCCH format 3 even new PUCCH formats 4 and 5 can support simultaneous transmission of HARQ-ACK and multi-CC periodic CSI with/without SR. To avoid more periodic CSI dropping, UCI content should be determined following the UCI multiplexing and dropping principle of  PUCCH format 4 or 5. That is, the total number of bits of HARQ-ACK, multi-CC periodic CSI and SR should be considered for dynamic PUCCH format adaptation if it happens in the same subframe. Therefore, PUCCH format 3 should be further enhanced to support simultaneous transmission of HARQ-ACK, multi-CC periodic CSI and SR.
Proposal 3: Triggering of format switching between PUCCH format 3 and new PUCCH format shall be based on the dynamic HARQ-ACK codebook size. 
Proposal 4: PUCCH format 3 in Rel-13 shall support multiplexing of HARQ-ACK, multi-CC periodic CSI and SR. 


 Since the transmission of HARQ-ACK and periodic CSI are configured independently with enable/disable of simultaneous transmission for PUCCH format 3 and new PUCCH format 4 or 5, the following scenarios should be considered in the formulation of decision matrix for the dynamic format switching.
· Case 1: Simultaneous transmission of HARQ-ACK and  periodic CSI is enable only for new PUCCH format 4 or 5 but disable for PUCCH format 3.  
· Case 2:  Simultaneous transmission of HARQ-ACK and  periodic CSI is enable for PUCCH format 3 and disable for PUCCH format 4 or 5
· Case 3: Simultaneous transmission of HARQ-ACK and  periodic CSI is enable for both  PUCCH format 3 and new PUCCH format 4 or 5..
· Case 4:  Simultaneous transmission of HARQ-ACK and  periodic CSI are both disable for both PUCCH format 3 and  new PUCCH format 4 or 5.  
For both cases 1 and 3, UCI content should be determined based on the multiplexing principle  of new PUCCH format 4 or 5.   HARQ-ACK and multi-CC periodic CSI bits are multiplexed and the total number of bits are used as the decision matrix  for dynamic PUCCH format adaptation. If the total number  of HARQ-ACK and multi-CC periodic CSI bits is no more than 22 bits, HARQ-ACK and multi-CC periodic CSI are transmitted together on PUCCH format 3 for both cases 1 and 3.   Otherwise, HARQ-ACK and multi-CC periodic CSI shall be transmitted on new PUCCH format 4 or 5 with joint coding. Same principle of format adaptation for case 1 and 3 could apply to that for case 2. If the total number of HARQ-ACK and  periodic CSI bits is no more than 22 bits, HARQ-ACK and  periodic CSI shall be transmitted together on PUCCH format 3.  Otherwise, only HARQ-ACK bits are  transmitted on new PUCCH format 4 or 5 and periodic CSI bits are dropped for case 2.
For case 4, it is the same as HARQ-ACK only transmission. All P-CSI bits are dropped when they collide with HARQ-ACK transmission.  
Furthermore, the current specification of HARQ-ACK  spatial bundled should not applied in Rel-13 dynamic format adaptation if the number of bits of HARQ-ACK is larger than 20 on PUCCH format 3 or if the total bits of HARQ-ACK and  periodic CSI is larger than 22 bits when simultaneous transmission of HARQ-ACK and periodic CSI is enabled. Spatial bundling would be only applied  when the total HARQ-ACK bits exceed the maximum  payload size of PUCCH format 4 or 5, and no spatial bundling should be considered for PUCCH format 3 for dynamic PUCCH format adaptation.
Proposal 5: In case that HARQ-ACK and multi-CC periodic CSI with/without SR happen in the same subframe, the multiplexing and dropping principle of new PUCCH format 4 or 5 shall be used to determine the total number of UCI bits for the dynamic PUCCH format adaptation, with the following details:
· Multi-CC periodic CSI should be considered together with HARQ-ACK if simultaneous transmission of HARQ-ACK and periodic CSI is enable for new PUCCH format;
· Multi-CC periodic CSI and SR should be considered together with HARQ-ACK if both SR and periodic CSI exist in the same subframe.
Proposal 6: HARQ-ACK spatial bundling would be applied only when the total HARQ-ACK bits exceed the maximum HARQ-ACK payload size of PUCCH format 4 or 5, and no spatial bundling should be considered for PUCCH format 3 during dynamic PUCCH format adaptation.
Proposal 7: Dynamic HARQ-ACK codebook shall be used for PUCCH format 3 during dynamic PUCCH format adaptation.
Since PUCCH format 3/4/5 have separate PUCCH resource sets pre-configured by higher layer signaling, ARI in DL grant shall indicate one of the PUCCH resource in a PUCCH resource corresponding to switching result. 
For TDD, one of the 4 HARQ-ACK codebook sizes shall be chosen in advance so as to prepare the DAI value in DL grant before the first DL subframe with scheduling of the TDD bundling window. Hence, the PUCCH format and PUCCH resource can be pre-determined together with the DAI value as well, PUCCH resources corresponding to unused PUCCH format can be indicated to other UE so as to increase the resource utilization. That is, there is no need to reserve both resource of PUCCH format 3 and resource of new PUCCH format for a TDD UE during TDD bundling window.
1.3 Fall back transmission without ARI
Since the same resource allocation mechanism of PUCCH format 3 is used for PUCCH format 4 and 5, the fallback from PUCCH format 4 and 5 to PUCCH format 1a/1b or PUCCH format 1b with channel selection shall be supported when there is no ARI received by following the same fallback method of PUCCH format 3.
Proposal 8: The same fallback mechanism of PUCCH format 3 can be directly reused for the PUCCH format 4 and 5 when there is no ARI.
Conclusions
In this contribution, we discuss the resource allocation for new PUCCH format with the following proposals:
Proposal 1: The resource of PUCCH format 4 and 5 for periodic CSI report could be semi-statically configured independently from the resource for HARQ-ACK.
Proposal 2: New PUCCH resource for HARQ-ACK should be used for the simultaneous transmission of HARQ-ACK and multi-CC periodic CSI.
Proposal 3: Triggering of switching between PUCCH format 3 and new PUCCH format shall be based on the dynamic HARQ-ACK codebook size. 

Proposal 4: PUCCH format 3 in Rel-13 shall support multiplexing of HARQ-ACK, multi-CC periodic CSI and SR. 

[bookmark: _GoBack]Proposal 5: In case that HARQ-ACK and multi-CC periodic CSI with/without SR happen in the same subframe, the multiplexing and dropping principle of new PUCCH format 4 or 5 shall be used to determine the total number of UCI bits for the dynamic PUCCH format adaptation, with the following details:
· Multi-CC periodic CSI should be considered together with HARQ-ACK if simultaneous transmission of HARQ-ACK and periodic CSI is enable for new PUCCH format;
· Multi-CC periodic CSI and SR should be considered together with HARQ-ACK if both SR and periodic CSI exist in the same subframe.
Proposal 6: HARQ-ACK spatial bundling would be applied only when the total HARQ-ACK bits exceed the maximum HARQ-ACK payload size of PUCCH format 4 or 5, and no spatial bundling should be considered for PUCCH format 3 during dynamic PUCCH format adaptation.
Proposal 7: Dynamic HARQ-ACK codebook shall be used for PUCCH format 3 during dynamic PUCCH format adaptation.
Proposal 8: The same fallback mechanism of PUCCH format 3 can be directly reused for the new PUCCH format when there is no ARI.
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