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1
Introduction
In RAN1#89 meeting, it was agreed to support single UL transmission to avoid intermodulation interference for LTE-NR dual connectivity. And in RAN1#90 meeting, DL reference UL/DL configuration was agreed to introduce for FDD LTE carrier, thus all FDD DL subframes can scheduled. And the LTE HARQ-ACK feedback mode and resource determination were extensive discussed in RAN1 1801Adhoc meeting [1], but no consensus were reached.
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Proposal:

If UE is configured with EN-DC with a single carrier for LTE, for case 1 DL-reference UL/DL configuration is configured for LTE FDD carrier

· If PUCCH format 1b with channel selection is configured for HARQ-ACK feedback with DL-reference UL/DL configuration #0/#1/#6 

· PUCCH resource is implicit derived from lowest CCE for PDSCH scheduled/cross carrier scheduled by Pcell


[image: image1.emf](DC1)

PUCCH

CCE 1

)

~ , 1 (

PUCCH

) 1 (

0

N n N m N m M n

c c

p

       



      Where 

(DC1)

PUCCH

N

  is the new PUCCH format 1b resource offset and is configured by higher layer  


· If PUCCH format 3/4/5 is configured for HARQ-ACK feedback, four PUCCH resources are explicitly configured by RRC signaling for LTE carrier, fallback operation is supported

Proposal:

Alt-1: If UE is configured with EN-DC with one or more carriers for LTE, for case 1 DL-reference UL/DL configuration is configured for LTE FDD carrier

· If PUCCH format 3/4/5 is configured for HARQ-ACK feedback, four PUCCH resources are explicitly configured by RRC signaling for LTE carrier and fallback operation is supported

Alt-2: If UE is configured with EN-DC with one or more carriers for LTE, if case 1 DL-reference UL/DL configuration is configured for LTE FDD carrier, PUCCH format 3/4/5 is used for HARQ-ACK feedback

In this contribution, we discuss further the alternatives of PUCCH resource determination.
2
PUCCH resource allocation
In last RAN1 meeting, several alternatives for HARQ-ACK feedback mode and PUCCH resource determination methods were discussed.

· Alt-1: If UE is configured with EN-DC with one or more carriers for LTE, for case 1 DL-reference UL/DL configuration is configured for LTE FDD carrier. If PUCCH format 3/4/5 is configured for HARQ-ACK feedback, four PUCCH resources are explicitly configured by RRC signaling for LTE carrier and fallback operation is supported
Comparing with Alt-2, this Alternative supports the fallback operation. More specifically when only one scheduled PDSCH with DAI=1 on Pcell or SPS only, it would fall back to PUCCH format 1a/1b; if only PDSCH with DAI=1 and SPS transmission, then it would fall back to PUCCH format 1b with channel selection. According to current specification, there are two possible solutions to derive the PUCCH format 1a/1b resource implicitly, using

· FDD LTE formula: [image: image2.wmf](1)

PUCCH

CCE

)

~

,

1

(

PUCCH

0

N

n

n

p

+

=

  [2] 
The FDD LTE PUCCH resource determination formula is re-used but the HARQ timing is still following the timing of DL-reference UL/DL configuration. As the PUCCH resources will be shared among subframes in the DL bundle window and legacy FDD UE. Then there are two type of possible PUCCH resource collisions.

· PUCCH resource collision between subframes in the bundle window, the lowest CCE index associated with scheduled PDSCH in each subframe can’t be overlapped. 
· PUCCH resource collision between legacy FDD UE and EN-DC UE, the lowest CCE index can’t be the same for FDD UE and EN-DC UE.
The above collisions could be avoided by eNB scheduling, the cost is huge limitations on eNB scheduling. With the assumption of limited number of fallback UEs, PUCCH format 1a/1b could be supported for fallback operation only. 
· Updated TDD LTE formula: 
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Where 
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 is the new PUCCH format 1b resource offset and is configured by higher layer, this parameter is used to avoid the PUCCH resource collision between legacy FDD UE and EN-DC UE. As the new PUCCH resource for EN-DC UE is dimensioning with the bundle window size. Thus the PUCCH format 1a/1b can be fully supported, and HARQ-ACK bundling can be supported as well. 
Comparing with FDD LTE formula based method, which also supports the PUCCH format 1b with channel selection, there is no additional implementation effort from UE side for TDD LTE formula based method.
 

For above both cases, another standard impact is the DL DAI will be introduced at least for fallback operation.

· Alt-2: If UE is configured with EN-DC with one or more carriers for LTE, if case 1 DL-reference UL/DL configuration is configured for LTE FDD carrier, PUCCH format 3/4/5 is used for HARQ-ACK feedback

As fallback operation is not supported, the configured PUCCH format 3/4/5 will be used always. PUCCH format 1a/1b can multiplex eighteen users in one PRB, PUCCH format 3 can multiplex four users, PUCCH format 4/5 only support one user. Without fallback operation and PUCCH format 1a/1b supporting, more PRBs need to be reserved as the PUCCH resource. PRB resources are not used in efficient manner, and system performance would be impacted.  
Based on above analysis, considering the UE implementation complexity, eNB scheduling limitation and PRB resource utilization efficiency, The following proposals is made.

Proposal: If UE is configured with EN-DC with one or more carriers for LTE, for case 1 DL-reference UL/DL configuration is configured for LTE FDD carrier

· If PUCCH format 1a/1b is configured for HARQ-ACK feedback, TDD formula is used to derive PUCCH resource implicitly, and the new PUCCH format 1b resource offset is configured by higher layer
· If PUCCH format 3/4/5 is configured for HARQ-ACK feedback, four PUCCH resources are explicitly configured by RRC signaling for LTE carrier and fallback operation is supported
· DL DAI is introduced for FDD LTE carrier
3
Conclusion
In this contribution, we analyze different alternatives for LTE PUCCH resource determination in EN-DC. The following proposal is made.
Proposal: If UE is configured with EN-DC with one or more carriers for LTE, for case 1 DL-reference UL/DL configuration is configured for LTE FDD carrier

· If PUCCH format 1a/1b is configured for HARQ-ACK feedback, TDD formula is used to derive PUCCH resource implicitly, and the new PUCCH format 1b resource offset is configured by higher layer
· If PUCCH format 3/4/5 is configured for HARQ-ACK feedback, four PUCCH resources are explicitly configured by RRC signaling for LTE carrier and fallback operation is supported
· DL DAI is introduced for FDD LTE carrier
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