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1. Introduction

It was agreed during Rel-10 standardization to only support aggregation of up to two component carriers in the same RF band. An objective of the Rel-11 CA WI [1] is an investigation into the support of inter-band CA with different TDD UL-DL configurations. This contribution looks into the motivation and possible benefits of supporting multiple UL-DL configurations.
2. Motivation
For Rel-10 standardization RAN1 was tasked to specify CA features and associated DL and UL control signalling to support aggregation of up to 5 component carriers. On the other hand RAN4 determined that only intra-band CA of 2 CCs could be supported within the tight timeframe for Rel-10 standardization. For TDD a few benefits can be seen if different UL-DL configurations in different bands are supported:
1) Coexistence with legacy systems: TD- LTE and TD-SCDMA can coexist on adjacent carriers in the same RF band, e.g. 2GHz. Due to non-ideal RF characteristics of transmitters and receivers adjacent channel interference can be a problem for TDD systems on adjacent carriers for opposing transmission directions (UL on one and DL on the other). This is avoided by deploying similar UL-DL configurations on the two systems. Therefore, although the 7 DL-UL configurations defined in LTE allow for flexible support of asymmetric/symmetric traffic patterns, the Rel-8/9/10 UL-DL configuration could be selected based on the need for co-existence and not on traffic patterns. When another carrier is configured for CA in a different band this restriction can be relaxed by setting the UL-DL configuration in accordance with the prevailing traffic pattern. Secondly, it is noted that CA evolution should eventually get to the maximum of 5 CCs. The peak data rates promised by CA could be limited by setting the same UL-DL configuration for all 5 CCs across different bands instead of flexible configurations that are indicative of dynamic traffic patterns. 

2) Heterogeneous deployments: a similar use case can be seen with load balancing in heterogeneous networks. To support asymmetric traffic loading in hot spots a DL-heavy configuration could be configured in one layer of a heterogeneous network (het-net), e.g. a pico cell, while a more balanced configuration could be configured for the macro cell. 
3) Asymmetric TDD configurations across different layers can help minimize interference in range-extended TDD het-nets. For example, in a CSG het-net, if the HeNB-layer has only a few RRC_CONNECTED users, it may be deployed in an uplink heavy TDD configuration (e.g. UL-DL configuration 0) while the victim layer (e.g. macro-layer) can configure its users in a downlink heavy TDD configuration. Such flexible TDD configurations across layers naturally protect downlink reception at victim UEs without exchanging coordination messages (e.g. eICIC bitmaps) over backhaul.

3. Standard Impact

As pointed out in several contributions to RAN1 #66 (see e.g. [2], [3]), a few challenges arise with supporting multiple UL-DL configurations that have an impact in RAN1.
Non-aligned UL and DL subframes between 2 cells introduce several challenges in terms of scheduling and uplink control signalling. For example, if the HARQ timing for a SCell indicates a HARQ-ACK transmission on a subframe which is a DL subframe on the PCell this implies changes to HARQ timing of the SCell or equivalently, scheduling restrictions on the SCell. Scheduling limitations that reduce throughput are also observed if cross-carrier scheduling is permitted for inter-band CA with different UL-DL configurations. 
When the duplex spacing between bands is large, e.g. 800 MHz and 3.5 GHz, it may be possible to simultaneously transmit in one band and receive in the other band for a TDD UE. This allows full duplex capabilities for TDD UEs as long as duplexers do not substantially raise the cost of such terminals. However, if some UEs support inter-band full-duplex capabilities while others do not this becomes a UE capability and increases specification efforts because two sets of rules are required, one for half-duplex TDD UEs, the other for full duplex TDD UEs.

Proposal: RAN1 and RAN4 should first determine if full duplex capability is supported for TDD inter-band CA before considering solutions for scheduling and HARQ timing.
4. Conclusion

This contribution listed some benefits for different UL-DL configurations. Our views can be summarized as follows:
· Different TDD UL-DL configurations should be supported as it provides flexibility for supporting dynamic traffic patterns. It is also a scalable solution as more CCs are aggregated across different bands.

· Before considering solutions to the challenges seen for supporting multiple UL-DL configurations, it is recommended that RAN1 and RAN4 first conclude on the support of full duplex capability for TDD inter-band CA.
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