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1. Introduction

During RAN1 #66 there was initial discussion on design aspects and the support of TDD CA of different UL-DL configurations. It was identified during the discussion that for RAN1 #66bis we should aim to provide analysis of the motivation/benefits for inter-band aggregation of CCs with different TDD UL-DL configurations, before deciding whether inter-band aggregation of CCs with different TDD UL-DL configurations will be supported in the RAN1 specs in Rel-11. In this contribution we discuss the applicable scenarios for TDD CA of different UL-DL configurations and provide a trade-off analysis for it.
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Figure 1 CA deployment scenario 2 and 4.

2. Discussion

The benefits and applicable scenarios for supporting TDD CA of different UL-DL configuration goes hand in hand with the reason for supporting TDD CA of different UL-DL configuration as the highlighted scenarios are not supported with the current set of core specifications.

For an operator with frequency bands that have substantially different propagation losses and hence coverage areas, the capability of aggregating TDD cells with different UL-DL configurations can be an indispensable tool to design proper support of geographically nonuniform (hotspot) traffic patterns. The above scenario may also lend support to energy efficient system operations. Since the UL heavy UL-DL configuration cell on a lower frequency band can provide better UL coverage, which could reduce UE energy consumption. Furthermore, during lower load periods, the UL heavy UL-DL configuration cell can ensure system coverage and most of the system essential operations. Such a cell will have much reduced energy consumption because of fewer DL transmission subframes. The cells with DL heavy UL-DL configurations may be operated with reduced power during most of such low load periods. When high DL throughput is required with CA, power of such cells DL heavy UL-DL configurations can be increased. 

Going together with above scenario it would also be beneficial if it would be allowed to more freely adapt the traffic in a flexible manner for each frequency band, for example one possibility is to adapt the UL-DL configuration on one band to the traffic scenario used for the non CA capable UEs. This assumes that there are many none CA capable UEs operating on that frequency band that and that there is no coexistence problem, so that the UL-DL configuration can be freely chosen for that frequency band. 

Another benefit with supporting TDD CA of different UL-DL configurations is to enable the possibility of selecting the UL-DL configuration for a carrier that fits the neighboring systems and not to cause co-existence problems. This possibility would not exist if only the same UL-DL configuration is possible to use on all aggregated TDD carriers. The benefits of CA can then not be utilized by the TDD UEs operating on those sets of frequency bands. 

The complexity associated with supporting TDD CA of different UL-DL configurations on L1 and L2 together with half-duplex support is mainly related to defining the HARQ timing and scheduling timing PDSCH/PUSCH. We do not for see this a major problem as we see that common HARQ and scheduling timing PDSCH/PUSCH can be used among the aggregated carriers. If full duplex is supported we see an extra implementation complexity when it comes to duplexer design [1], depending on the frequency band combinations. This question is referred to RAN4 and should not be discussed in RAN1 until we know the outcome of the RAN4 discussion [2]. 

The RAN1 and RAN2 specification currently only support aggregation of the same UL-DL configuration in TDD. However there is no band defined in the RAN4 specification that supports inter-band CA for TDD. RAN4 could potentially of course add band combinations of inter-band TDD CA at later points in a release independent way. But we do not forsee any backwards compatibility issues regarding this as it will be up to the network whether to utilize CA for a certain UE or not. 

The closest related feature to supporting TDD CA of different UL-DL configurations is to support inter-band CA in TDD with the same UL-DL configuration. If that would be the only possibility it would not be possible to deploy in the listed scenarios above. In that sense there is no current feature or future studied feature that provides the same functionality.

In terms of specification impact the main impact of supporting TDD CA of different UL-DL configurations will be in RAN1 and RAN4 depending on which type of UE that is supported. 

In RAN1 we will need to study the timing related to scheduling PDSCH/PUSCH and the HARQ feedback timing, for the case with and without cross-carrier scheduling. 

In RAN2 is mainly related to defining RRC signaling for supporting the TDD CA of different UL-DL configurations.

In RAN3 we do not for see any impact if TDD CA of different UL-DL configurations is supported.

In RAN4 for half duplex terminals we do not see any extra standardization impact then what would be already needed to standardize for inter-band CA for TDD when it is supported. For full duplex terminals we foresee that RAN4 needs to study impact of an FDD like duplexer in TDD in addition to the work RAN4 need to do to support inter band CA for TDD. It is noted that, this depending on the aggregation scenario.

3. Conclusions

In this contribution we discuss the applicable scenarios for TDD CA of different UL-DL configurations and provide a trade-off analysis of supporting TDD CA of different UL-DL configurations. Based on this we propose

· Independent if half-duplex operation is support or not for a UE, TDD CA of different UL-DL configurations shall be introduced in Rel-11 in the core specifications.
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