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1 Introduction
In RAN1 session #61bis, the following agreements are achieved in ACK/NACK multiplexing.
“Agreement (for both FDD and TDD): 

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM”
It means there will be two different formats supported for different payload sizes in carrier aggregation.  However, there is still no decision on how to switch between these two PUCCH formats.  In addition, there is also no agreement in last meeting on whether Rel-8 PUCCH resources are used for A/N feedback if the UE receives only a DL PCC assignment regardless of the number of configured and/or activated DL CCs.
This paper discusses the switch of PUCCH formats for carrier aggregation in Release 10 and provides our views on whether UE should fall back to utilize Rel-8 PUCCH resources for A/N feedback when the UE receives only a DL PCC assignment regardless of the number of configured and/or activated DL CCs.
2 Discussion on PUCCH Format Configuration
In RAN1 session #61bis, two formats are agreed to be applied for different payload sizes in carrier aggregation (CA) in Release 10.  Therefore, including Non-CA PUCCH formats, there will be four possible formats for Release 10 UEs to choose from for uplink A/N feedback in FDD.
1. PUCCH format 1a (1-bit A/N feedback) – non-CA mode
2. PUCCH format 1b (2-bit A/N feedback) – non-CA mode
3. PUCCH format 1b with channel selection (up to 4-bit A/N feedback) – CA mode
4. PUCCH format based on DFT-S-OFDM (up to 10-bit A/N feedback) – CA mode
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Figure 1
Figure 1 illustrates possible problems if there is no clear and reliable method to synchronize the knowledge of eNodeB and UE about which A/N feedback channel format to be applied.  If eNodeB and UE do not have the same understanding, eNodeB will have to blindly decode the PUCCH with four different hypotheses over four different PUCCH resources.  It not only degrades PUCCH decoding performance due to hypothesis tests but also wastes PUCCH resources due to the resource reservation to avoid possible collisions among different UEs.
According to our understandings, there are three possible ways to configure which PUCCH format to be applied for A/N feedback.
1. Based on the detection results of PDCCH

In Release 8/9 FDD, the allocation of PUCCH resource is based on the detection results of PDCCH and the PUCCH format applied depends on the number of downlink packets assigned to a UE in one downlink subframe.  In Release 10 FDD, UEs may reuse the same way to allocate PUCCH resource and choose which PUCCH format for A/N feedback transmission.  However, in CA mode, there may be multiple PDCCHs for different CCs in one subframe so, unlike non-CA mode, there will be more than two PUCCH detection results (detected or non-detected).  If the same rule from Release 8/9 is applied to Release 10 carrier aggregation, eNodeB would have to reserve multiple PUCCH resources for different PUCCH formats due to unpredictable PDCCH detection results on UE side.  Therefore, in our views, it is not recommended to choose PUCCH format for A/N feedback transmission based on the PUCCH detection results only.

2. Based on the MAC message of component carrier (CC) activation/de-activation
Using MAC message to configure which PUCCH format is used for A/N feedback transmission, based on our understanding, is more feasible and efficient than method #1.  The advantage of this method is that it can timely reflect the necessary payload size of A/N feedback and always select the most efficient PUCCH format to accommodate those A/N feedback bits.  However, there might be ambiguity problem during the procedure of CC activation/de-activation.  UE may apply a different PUCCH format from what eNodeB expects for A/N feedback transmission during CC activation/de-activation procedure.  In addition, the reliability of using MAC message for PUCCH format configuration remains doubtful.  Therefore, in our views, this method is probably a good solution candidate but it requires further investigation to figure out how serious the ambiguity problem is.
3. Based on the RRC message of CC configuration

Compared to previous two methods, this method provides the best reliability to synchronize the knowledge of PUCCH format for A/N feedback between eNodeB and UEs.  Based on the number of CC configured for an UE, PUCCH format for A/N feedback can be determined implicitly without ambiguity.  It means eNodeB can always know which PUCCH format UE is going to use for A/N feedback transmission.  This is beneficial for both PUCCH resource overhead and decoding performance. However, the disadvantage of this method is that it will not always select the most efficient PUCCH format to accommodate A/N feedback bits since there may be fewer CCs activated for downlink data transmission.  Since eNodeB always know how many CCs are actually activated, this information probably can be used to improve possible performance loss.  Therefore, in our views, this method is probably a good solution candidate but further performance evaluation on possible performance loss may be required.
Proposal: PUCCH format configuration for Release 10 A/N feedback should be based on either MAC message of CC activation/de-activation or RRC message of CC configuration.
3 Discussion on Utilization of Release 8 PUCCH Resources
This section discusses whether Release 8 PUCCH resources should be used for A/N feedback if the UE detects only one downlink assignment for PCC.  The advantage of this design is to let CA-capable UEs utilize Release 8 PUCCH resources since Release 8 PUCCH formats can provide better efficiency and smaller resource overhead for A/N feedback.  However, this design depends on the detection results of PDCCHs so it may introduce unpredictable UE behaviours for A/N transmission.  To avoid possible A/N transmission collision from different UEs, eNodeB may need to reserve resources for both non-CA and CA PUCCH formats to an UE.  From resource utilization perspectives, it is not efficient since one UE has to occupy two kinds of PUCCH resources due to unpredictable PDCCH detection results.  
For example, an UE has two activated CCs (PCC and SCC) and eNodeB schedules two downlink assignments via PDCCHs for both PCC and SCC.  Since there are three possible PDCCH detection results on UE side – both PDCCHs are detected, only PDCCH for SCC is detected, or only PDCCH for PCC is detected, eNodeB has to reserve resources for both CA PUCCH formats and non-CA PUCCH formats for the UE to transmit A/N feedback and these reserved resources can not allocate to other UEs so as to guarantee there is no transmission collision among different UEs.  It means one UE would have to occupy two PUCCH resources if this design is adopted. In this case, the original intention of this design to improve PUCCH resource utilization efficiency becomes invalid.  There may be other ways to resolve this problem through some smart resource allocation scheme but, in our views, a more reliable and clear PUCCH format configuration would be preferred.
Proposal: UE with more than one CC activated/configured should always apply CA PUCCH formats for A/N transmission no matter what PDCCH detection results it has.
4 Conclusion
This paper discusses the switch of PUCCH formats for carrier aggregation in Release 10 and provides our views on whether UE should fall back to utilize Rel-8 PUCCH resources for A/N feedback when the UE receives only a DL PCC assignment regardless of the number of configured and/or activated DL CCs.  In our views, there is no benefit for PUCCH resource utilization if PUCCH format switch is based on PDCCH detection results.  It is suggested to find a more reliable and clear method to configure the PUCCH format for UE to transmit A/N feedback.  The followings are our proposals.
Proposal #1: PUCCH format configuration for Release 10 A/N feedback should be based on either MAC message of CC activation/de-activation or RRC message of CC configuration.
Proposal #2: UE with more than one CC activated/configured should always apply CA PUCCH formats for A/N transmission no matter what PDCCH detection results it has.












































































































































































































