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1 Introduction

In RAN1#66 meeting, the following conclusions were drawn for downlink control signaling enhancements in Rel-11 CA [1].

· Possible areas for enhancement include: 

· PDCCH capacity for CA-based het-net or inter-band deployments

· Reduce PDCCH overhead / increase capacity / reduce blocking probability

· Need to show what gain in capacity and reduction in blocking probability can be achieved with the proposed methods

· How serious is the problem; what impact would the proposed solution. 

· Working assumption: Reduction in PDCCH blind decodes below R10 levels is not seen as necessary in the context of this WI. 

In this contribution, one potential solution for increasing PDCCH capacity in inter-band CA deployments is shown. In this plan, the additional bit interleaving that generates greater frequency diversity gain is added in order to reduce the BLER of PDCCH, which leads to a decrease in the number of required CCEs for each UE set.

2 Discussion for PDCCH capacity enhancement in Rel-11 CA

2.1 PDCCH capacity enhancement
According to Rel. 10 specifications related to CA, DCI is prepared with respect to each CC and mapped onto one or several CCEs depending on the aggregation level. Here, if the BLER of PDCCH becomes small by obtaining greater frequency diversity gain via additional processing, there is a possibility of reducing the number of aggregation levels, which leads to the enhancement of PDCCH capacity.
2.2 Bit interleaving across several DCIs
In order to obtain greater frequency diversity gain, the additional bit interleaving across several DCI would be one potential solution. As Fig. 1 shows, channel coding is executed per each DCI independently. After that, additional bit interleaving across several DCIs is applied and mapped onto each CC. With this processing, several bits are spread over different CCs generating greater frequency diversity gain. It is expected that greater frequency diversity gain will be obtained in the inter-band CA because the fluctuations in the propagation channel are uncorrelated between different frequency bands. However, there are also some open issues for bit-interleaving across several DCIs that need further study.

In order for UE to detect its own CCE, blind decoding is necessary because the eNB cannot inform UE of which CCE is used for any particular UE. However, if the bit interleaving is executed across several CCEs, these CCEs should be detected together via one blind decoding. The result is that the number of blind decodings will increase because there are so many candidate combinations of CCEs in which bit interleaving is applied. In order to resolve this issue, a new definition of the search space with a relationship between PDCCHs of different CCs might be one possible solution. If there is already a known relationship, then UE can detect several CCEs at the same time. It is also effective to use the same aggregation level between several PDCCHs or to reduce the number of CCs whose PDCCH regions should be monitored in order to reduce the number of blind decodings.
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                                               Fig.1 Bit interleaving across several DCIs

Suggestion: In order to increase the capacity of PDCCH for inter-band CA, the bit interleaving across several DCIs would be one potential solution, and the resulting open issues are FFS.

3 Conclusion

In this contribution, one potential solution for increasing the PDCCH capacity in case of inter-band CA is shown, and we offer one suggestion.
Suggestion: In order to increase the capacity of PDCCH for inter-band CA, the bit interleaving across several DCIs would be one potential solution.
References
[1] Nokia, Nokia Siemens Networks, “LTE Carrier Aggregation Enhancements”, RP-110451, Kansas, USA, Mar. 15-18, 2011.

