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1. Introduction
In RAN #51&52 meeting, the WI proposal[1] [2] for LTE CA enhancements was agreed, which includes investigating possible improvements in UL and DL physical layer signalling for carrier aggregation: 

· Enhancements on the following areas are investigated:

· Possible improvements in the related signaling for the use of LTE carrier aggregation, including 

i. UL and DL physical layer signaling,
ii. RRC and MAC signaling to support carrier aggregation,
In this contribution, we consider uplink control signalling enhancement for carrier aggregation, and provide possible candidate methods with the pros and cons analysis.  

2. Discussion 
In Rel-11, there are several aspects of uplink control signalling enhancements for carrier aggregation, especially in TDD mode. In this section, these aspects of enhancement will be respectively discussed.
2.1 Multi-CC periodic CSI reporting
In Rel-10 CA，in case of periodic CSI reporting on PUCCH, there will be at most one periodic CSI report for a downlink carrier in a subframe based on the prioritization rule. 

Because of independent periodic reporting configuration, it has possibility of the collision of multi-CC  periodic CSI reportings in one subframe, which consequently causes downlink throughput loss. In order to avoid the excessive dropping of periodic CSI reports in case of collisions and long delay for TDD HARQ-ACK feedback, support of multi-CC periodic CSI reporting in the same subframe should be considered in Rel.11 CA enhancement.

Proposal 1: Multi-CC periodic CSI reporting should be supported in Rel.11. 
Meanwhile, many companies proposed to consider a unified CSI feedback mechanism for both CA and CoMP transmission[3][4]. If UE receives PDSCH from multiple cells or executes CSI measurements for multiple transmission points, latency among reports for different cells will be avoided to more efficient support DL CoMP.
Observation 1:  A unified CSI feedback mechanism for both CA and CoMP transmission is preferred to be systematically considered for uplink signalling enhancement.
However, both CA and CoMP have their own typical scenarios. To design a unified CSI feedback mechanism for multiple carriers and multiple coordination points, it would be best to firstly determine what CA and CoMP demand respectively, and then to jointly consider an overall scheme to satisfy all the needs. 
Proposal 2: It would be best to firstly determine what CA and CoMP demand respectively, and then to jointly consider an overall scheme to satisfy all the needs. 
There are several ways[5] for reporting multiple CSI feedbacks to improve uplink resource utilization and maintain DL throughput as follows:
—— Option 1: multiple PUCCHs in a subframe
In multiple PUCCHs method, multiple PUCCHs are transmitted over multiple carriers in the same subframe. Here, multiple PUCCHs over multiple carriers do not necessarily mean one to one mapping, it can also be one to multiple mapping. 
For example, no matter how many carriers on one band, there could be only one PUCCH transmitted over a carrier on the band, which chosen by the channel quality conditions, i.e., one PUCCH over each band. Because channel conditions on each band do not differ greatly, this scheme could be a better compromise between performance and cost. Another example is one PUCCH over each TA group. With the concept of TA group introduced, one PUCCH could be allocated for each group in which the cells have approximate timing advance. 

Under normal circumstances, the inter-band carrier aggregation over two bands is usually a high probability event that meet general demands. But for the limited WI timeline of Rel-11, there are many technical details still need to be considered, e.g. implementation complexity, backward compatibiltiy,etc. 
· Pros:

· Shorten the HARQ timing and consequently reduce the dropping rate of UCI
· Help UE maintain its UL timing for the SCell TA group 
· Suitable to both CA and CoMP transmission senarios
· Reduce signalling overhead
· Cons:

· Limited WI timeline for Rel-11
· Possible CM problem needs RAN4’s assesment
· Specification Modification
Proposal 3: One PUCCH over each band or each TA group could be ways for supporting multiple periodic CSI feedbacks, but further discussion is needed, and technical details still are FFS. 
—— Option 2: PUCCH format 3
In order to reduce the complexity of implementation and standardization, existing PUCCH formats, e.g. format 3, can be easily reused. In this method, PUCCH format 3 does not only contain ACK/NACK information, but also can carry periodic CSI feedback prohibited in Rel-10. 
However, due to the limited capacity of 48 bits in PUCCH format 3, only two (e.g. for 2 carriers, 2 cells in CoMP etc) of all periodic CSI feedbacks can be accommodated and reported in a subframe. As brought, it still needs to consider possible criteria for all carriers to feedback their periodic CSI. If periodic CSI feedbacks in more than 2 carriers need to be transmitted simultaneously in one subframe, it should restrict the PUCCH reporting type to be of small payload size, which seems to be complicated in operation and limitation. In addition, because of periodic CSI’s occupation, whether it may lead to any deterioration of ACK/NACK performance needs further assessment. 
· Pros:

· No need to design new PUCCH format
· Small changes in specification
· Cons:

· Limited number of periodic CSI feedbacks reported, hardly extension to more carriers
· Possibly any deterioration of ACK/NACK performance
Proposal 4: PUCCH format 3 is an easy method for limited number of periodic CSI reportings, but additional techniques may be required for the application to more than two carriers. 
—— Option 3: PUSCH

In Rel-10 CA, aperiodic CSI reporting in multiple cells is already supported, it could be extended to periodic CSI reporting case without major changes in specification. With this method, all periodic CSI feedbacks could be accommodated in PUSCH with no capacity constraints. However, it also introduces additional downlink signalling overhead and extra scheduling operations. In addition, for the reason of the occupation of data resource in PUSCH, the maximal uplink data rate will be decreased. 
· Pros:

· No capacity constraints
· Small changes in specification
· Only interaction with RAN2 group for defining RRC signalling
· Cons:

· Additional downlink signalling overhead
· Extra scheduling operations
· Possible decreased uplink data rate
Proposal 5: PUSCH is preferred for multiple periodic CSI reporting without capcity constraints and specification modification, but with extra downlink signalling overhead and scheduling. 

2.2 Simultaneous multi-CC ACK/NACK+periodic CSI Transmission 
In Rel-10 carrier aggregation, for a UE configured with multiple DL CC, if periodic CSI report and ACK/NACK are to be transmitted on PUCCH in a subframe, periodic CSI report is dropped except for the following two cases:

· The HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell.

· The HARQ-ACK corresponds to PDSCH and/or PDCCH indicating downlink SPS release only on primary cell and the UE is configured with TDD format 1b with channel selection. 

When periodic CSI reports and ACK/NACKs for multiple carriers need to be transmitted simutaneously in a subframe, although the above two cases support simultaneous transmission of periodic CSI and ACK/NACK, periodic CSI dropping will still occur frequently because of the low probability of scheduling only a PDSCH transmission on PCell compared to other scheduling situations. Consequently, downlink throughput would be impacted due to lack of periodic CSI feedback. 

Observation 2:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of multi-CC periodic CSI and ACK/NACKs.

Therefore, enhancement for simultaneous multi-CC ACK/NACK+periodic CSI transmission should be further considered in Rel-11. In the analysis of Multi-CC periodic CSI reporting, extension of PUCCH format 3 is considered to contain multi-CC periodic CSI besides ACK/NACK. There are other possible alternatives, like new PUCCH format, additional scheduling limitation, PUSCH, to address the problem. 
Proposal 6: Simultaneous transmission of multi-CC ACK/NACKs and periodic CSI should be  considered in Rel-11, and implementation alternatives still need further discussion. 
2.3 ACK/NACK partial bundling in PUCCH format 3
In Rel-10, PUCCH format 3 has a capacity of 48 bits for only ACK/NACK transmission. If the total number of HARQ-ACK bits is less than or equal to 20, all individual bits are reported. Otherwise, spatial bundling is adopted to restrict the payload size to no more than 20 bits to reduce downlink overhead and consequently maximize downlink throughput. 
In addtion, TDD UL-DL configuration 5 with PUCCH format 3 in Rel-10 is only supported for up to two configured serving cells, and with channel selection for two configured serving cells is not supported. For Rel-11 UE, TDD UL-DL configuration 5 with PUCCH format 3 may be supported for more than two configured serving cells, like five serving cells. In this case, the number of HARQ-ACK bits can not be satisfied by the capacity of PUCCH format 3, and thus partial bundling needs to be considered.
Proposal 7: It is necessary to consider ACK/NACK partial bundling in PUCCH format 3 for some cases, and technical details depend on the circumstances. 
3. Conclusion
This contribution considers uplink control signalling enhancement for carrier aggregation to RAN1, provides possible candidate methods with the pros and cons analysis, and proposes the following observations and suggestions: 
Observation 1:  A unified CSI feedback mechanism for both CA and CoMP transmission is preferred to be systematically considered for uplink signalling enhancement.

Observation 2:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supportting simultaneous transmission of multi-CC periodic CSI and ACK/NACKs.

Proposal  1: Multi-CC periodic CSI reporting should be supported in Rel.11. 
Proposal 2: It would be best to firstly nail down what CA and CoMP demand respectively, and then to jointly consider an overall scheme to satisfy all the needs. 
Proposal 3: One PUCCH over each band or each TA group could be ways for supporting multiple periodic CSI feedbacks, but need further discussion, and technic details still are FFS. 
Proposal 4: PUCCH format 3 is an easy method for limited number of periodic CSI reportings, but additional techniques may be required for the application to more than two carriers. 
Proposal 5: PUSCH is preferred for multiple periodic CSI reporting without capcity constraints and specification modification, but with extra downlink signalling overhead and scheduling. 

Proposal 6: Simultaneous transmission of multi-CC ACK/NACKs and periodic CSI should be  considered in Rel-11, and implementation alternatives still need further discussion. 

Proposal 7: It is necessary to consider ACK/NACK partial bundling in PUCCH format 3 for some cases, and techniqical details depend on the circumstances. 
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