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1. Summary

In 3GPP RAN meeting #51, a study item was approved to study further enhancement to TDD-LTE for uplink-downlink (UL-DL) interference management and traffic adaptation [1]. The approved SI states in [1]:  “RAN1 should evaluate the benefits of uplink-downlink re-configuration dependent upon traffic conditions” for both the isolated cell scenario, i.e. without co-channel interference, and the multi-cell scenario, i.e. with co-channel interference. 

In this contribution, we discuss the needs and issues for TDD-LTE UL-DL configuration and re-configuration with traffic adaptation for the isolated cell and multi-cell scenarios. Furthermore, we propose to allow PHY layer signalling for dynamic and fast UL-DL re-configuration. The PHY layer signalling should maintain existing UL-DL associations with backward compatibility for legacy UEs, and provide flexibility for Rel-11 UEs with dynamic UL-DL re-configuration.

2. Needs and issues of UL-DL re-configuration 
In TDD-LTE, the same frequency band is used for both uplink and downlink. The uplink-downlink allocation is chosen from 7 defined configurations as specified in TS 36.211 [4], and is synchronized system wide. These allocations can provide varying DL subframe ratios (with respect to overall channel resources) of between 40% and 90%.

With more and more smart phone users in the system, the real-time network UL-DL traffic load in a cell may fluctuate dramatically. Different traffic fluctuation granularities may be considered, e.g. the fluctuations between daytime and night [2], and the fluctuations in near real-time. A UL-DL re-configuration is needed if the current allocation cannot handle the aggregated uplink or aggregated downlink traffic load. When traffic load is high, high traffic fluctuation may trigger frequency UL-DL re-configuration in a cell.

In current systems, the system information change procedure is used to change the uplink-downlink configuration [6]. This process has very long delay, and requires cold system restart, i.e. all UEs in the system cannot transmit and receive for a certain period of time, in order to disconnect the uplink downlink associations of the old configuration, and setup the new associations [3]. The UL-DL associations include uplink power control, PUSCH and PHICH association, ACK/NACK feedback on PUCCH or PUSCH for PDSCH transmission, ACK/NACK feedback on PDCCH or PHICH for PUSCH transmission, etc [5]. 

Therefore, the UL-DL re-configuration in a cell is very costly to the system because all transmissions have to be stopped to adjust the uplink-downlink associations. This causes a huge waste of channel resources as well as service degradation and disruption. Re-configuration effects in multi-cell scenario include a “ripple” effect in which adjacent cells also need to change their configuration. Furthermore, the semi-static UL-DL allocation may or may not match the instantaneous traffic situations in different cells. Re-configuration also involves a system information change which requires a long delay and is not adaptive to instantaneous or short term changes in traffic load. With high traffic load and fluctuation, frequent uplink-downlink re-configuration may cause serious network problems. 

3. Support of PHY layer signalling for fast and dynamic UL-DL re-configuration 
To better adapt to the traffic conditions, dynamic UL-DL re-configuration methods should be investigated. The dynamic UL-DL re-configuration should maintain backward compatibility and provide fast subframe modifications based on real-time traffic change. Furthermore, different UL-DL configurations in neighbouring cells should be supported in Rel-11 in a temporal or persistent manner with co-channel interference mitigation techniques. The different UL-DL configurations may be caused by different initial network configurations or by dynamic UL-DL configuration changes with traffic adaptation.
The dynamic UL-DL re-configuration should provide fast subframe conversion with PHY layer signalling. Thus, it should avoid or minimize the system information change procedure. The PHY signalling should be simple extension of existing signalling of UL-DL associations, so that backward compatibility can be maintained for legacy UEs. Therefore, current UL-DL associations should not be changed, and dynamic UL-DL re-configuration should provide extra flexibility and features to new Rel-11 UEs. 

With fast increase of data traffic over voice traffic, cellular network traffic becomes more asymmetric now with higher traffic load on downlink than uplink. Thus, the system may be configured in favour of downlink allocation. A temporal uplink traffic hike may trigger problematic network re-configuration. If the enhancement of dynamic UL-DL allocation supports temporal subframe conversion by PHY layer signalling, e.g. dynamic subframe conversion from a downlink to uplink, then some of the issues described above may be mitigated. 

4. Conclusions

We propose as part of the SI to study fast PHY layer procedures for dynamic uplink-downlink allocation with traffic adaptation.  The signalling should be simple extension of current PHY layer signalling without changing existing uplink downlink associations. 
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