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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 PDCCH bundling scheme for downlink control signalling with the pros and cons analysis.  
2. Discussion 
With the higher data rate transmission demand, there is a concern that the legacy PDCCH control region is limited in capacity in the near future. Therefore, in Rel-11 carrier aggregation, PDCCH capacity enhancement has been initially considered with a combination of CA, multi-user (MU)-MIMO for non-uniform deployments, eICIC techniques and coordinated multi-point (CoMP) transmission. To support all these features in control channel design, comprehensive schemes should be proposed with full consideration.
Observation 1:  PDCCH control signalling enhancement should be systematically considered with the requirements for CA, MU-MIMO, eICIC and CoMP techniques

In recent meetings, several aspects of PDCCH enhancement have been proposed to give further trade-off analysis, like a compact DCI design[4][5], limiting possible aggregation levels[6] , multi-CC joint encoded PDCCH[7], a new PDCCH process design[8], PDCCH bundling[3],and differential DCI format design[9], etc. In this contribution, we focus on the discussion of PDCCH bundling methods. 
—— Option 1: PDCCH subframe bundling
In the subframe bundling method, one PDCCH can assign multiple PDSCHs or PUSCHs over multiple subframes based on the assumption that the channels are not changing significantly and the transmission mode is not changed during these subframes. 
In the low mobility rate and LOS scenarios with high probability occurrence in Rel-11, the resource allocation field, MCS field and PMI field in PDCCH control region are probably not changed during several continuous subframes. Thus, subframe bundling scheme can be widly used in these practical deployments. Furthermore, the subframe bundling is executed in one carrier without concerning the UL-DL configuration conflict in other carriers, it can be easily implemented in a UE specific manner, especially for inter-band aggregation, and hence it has small influence on the current specifications.
On the other hand, if the subframe bundling is adopted, the number of bundled subframes need to be respectively indicated regarding the static channel conditions and the UL-DL configurations in each carrier. Especially for different TDD UL-DL configurations, timing also needs to be reconsidered.
· Pros: 
· Easy impIementation in the scenarios with static channel conditions.
· Small influence on current specifications. 
· Cons: 
· The number of bundled subframes and timing need to be further considered. 
· For non-static channel scenarios, the performance may degrade.
—— Option 2: PDCCH CC bundling
In carrier bundling method, one PDCCH can assign multiple PDSCHs or PUSCHs over multiple carriers. 
Since different carriers could have different channel characteristics, but the transmission mode may be the same, it means cells may have not totally the same information in downlink control region. Hence, multiple carriers’ channel conditions need to be measured and comprehensively considered to get the best overall value of the MCS for these cells. 
Furthermore, with different UL-DL configurations in inter-band carrier aggregation introduced in Rel-11, it may exists opposite transmission directions in one subframe, which may restrict scheduling in CC bundling. In addition, since a large amount of informations from the bundled carriers, like the bundled carrier index and  the resource allocation field, are needed, and thus a new PDCCH format should be designed to contain all these informations for possible combinations of configured cells, which makes carrier bundling method having much difficulty and complexity in realization as well as blind decoding limitation. 

· Pros:

· Easy implementation for additional carrier types, like extended carriers.
· Cons:

· Need new DCI format design, limited by resources and blind decoding.
· Comprehensive consideration for getting MCS value.
· Much influence in specification.
From the above analysis and more, because additional carrier types have not been fully discussed yet and the work item timeline of Rel-11, PDCCH subframe bundling should be supported to increase the control channel capacity with minimal changes in specification. PDCCH CC bundling needs a comprehensive consideration along with the research development of additional carrier types.  
Proposal 1: PDCCH subframe bundling should be supported to increase the control channel capacity with minimal changes in specification.
Proposal 2: PDCCH CC bundling needs a comprehensive consideration along with the research development of additional carrier types.

3. Conclusion
This contribution considers PDCCH bundling for downlink control signalling enhancement to RAN1, and provides the pros and cons analysis, and proposes the following observation and suggestions: 

Observation 1:  PDCCH control signalling enhancement should be systematically considered with the requirements for CA, MU-MIMO, eICIC and CoMP techniques

Proposal 1: PDCCH subframe bundling should be supported to increase the control channel capacity with minimal changes in specification.

Proposal 2: PDCCH CC bundling needs a comprehensive consideration along with the research development of additional carrier types.
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