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1 Introduction

At the RAN1#66bis meeting, it was agreed to support the inter-band CA of TDD carriers with different UL/DL configurations in Rel-11 which was based on the observed benefits such as;

· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate

This contribution discusses one outstanding issue, i.e. the support of cross-carrier scheduling in the inter-band CA of TDD carriers with different UL/DL configurations.

2 Discussion

Interference protection on PDCCH

In Rel-10, one motivation to adopt the cross-carrier scheduling was to provide protection to PDCCH for scheduling UL/DL data transmissions on an interfered cell while transmitting the PDCCH on a less interfered cell. The need is valid as well in the inter-band CA scenario with TDD carriers with different UL/DL configurations. On the other hand, in Rel-11, adoption of E-PDCCH is being discussed and it is claimed that the PDCCH interference issue can be addressed by frequency domain scheduling of E-PDCCH in PDSCH region. However, in order to enable ICIC using E-PDCCH, the less-interfered DL resources in PDSCH region should be shared between E-PDCCH and PDSCH. This impacts DL peak rate for TDD CA with different UL/DL configurations due to the reduced resources available for PDSCH. Furthermore, it is desirable that as in FDD CA, the configuration of cross-carrier scheduling and/or E-PDCCH is under the eNB control. 
PDCCH resources
Cross-carrier scheduling is beneficial in relaxing the problem of PDCCH resource shortage, especially for TDD. The PDCCH capacity problem in TDD can get worse for TDD UL/DL configurations with a small number of DL subframes. In such cases, it would be helpful to configure the UEs to receive PDCCH through cross-carrier scheduling from a cell with DL heavy TDD UL/DL configuration. This results that the asymmetric PDCCH resources available across aggregated cells can be utilized efficiently. 
Random access on SCells
To support the multiple TA (Timing Advance) in Rel-11 CA enhancement WI, RAN2 has agreed to introduce random access based solution, i.e. allowing random access on SCell belonging to SCell TA group [1]. In addition, RAN2 has agreed that PDCCH for RACH Msg2 sent in common search space can be transmitted on a different serving cell via cross carrier scheduling than the SCell in which the preamble was sent [2]. Example scenarios requiring the multiple TA are the carrier aggregation scenarios 4 and 5 described in Annex J of 36.300 (also included in the Annex here). These scenarios are applicable for inter-band CA of TDD carriers with different UL/DL configurations as well. In this regard, allowing cross-carrier scheduling in the inter-band CA of TDD carriers with different UL/DL configurations fits well with random access on SCells to support the multiple TA. 
3 Conclusion

Based on the discussions above, it is proposed to support the cross-carrier scheduling in case of different TDD UL/DL configurations between the CA cells. The observed benefits are provisioning of interference protection on PDCCH, efficient PDCCH resource utilization, and support of cross-carrier scheduling of Msg2 to enable random access on SCells.
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Annex: CA Deployment Scenarios #4 and #5
Table J.1-1: CA Deployment Scenarios (F2 > F1). (captured from 36.300 Annex J)
	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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