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1 Introduction

For the study item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [1], RAN1 is tasked to assess the appropriate time scale and to specify methods for supporting TDD UL-DL reconfiguration if significant benefits are identified by RAN1 evaluations. During the RAN1 evaluation for both isolated cell scenario [2] and multi-cell scenario [3], three different time scales, i.e. 640ms, 200ms and 10ms, are proposed.
In this contribution, we discuss different methods and the corresponding standard impacts to support different time scales for TDD UL-DL reconfiguration. 
2 Methods for TDD UL-DL reconfiguration
In LTE Rel-8, the UL-DL re-configuration is done by updating system information. The minimum updating period supported is 640ms. Corresponds to the three proposed time scales, three options could be envisioned for TDD traffic adaptive UL-DL reconfiguration.
Option 1: semi-static reconfiguration through Rel-8 system information updating procedure
It is a straightforward method to reuse the Rel-8 system information updating procedure, and it could be applied for all the UEs including legacy UEs. This option is expected to have the minimum standard impacts. However, the minimum updating period of 640ms may not match the time scale for traffic fluctuation, and may not be able to fully exploit the possible gain brought by traffic adaptive UL-DL reconfiguration.
Option 2: semi-static reconfiguration through additional RRC or SIB signaling
In this option, additional RRC or SIB signaling could be used to inform a UE about the UL-DL configurations. For example, the UE can detect the possible UL-DL configuration changing within a given reconfiguration period. This option could achieve traffic adaptive UL-DL reconfiguration on a time scale of tens to a few hundreds of milliseconds which is faster than with option 1. During the reconfiguration, eNodeB and the UE may have different understanding of the used UL-DL configuration and the corresponding HARQ timing. It is to be considered how to avoid such ambiguity.
Option 3: dynamic reconfiguration through physical layer signaling

In this option, part of the subframes in a radio frame could be set as flexible subframes. For a flexible subframe, it could be dynamically used as a DL subframe or an UL subframe, depending on the traffic requirement. Some kind of physical layer signaling could be used to explicitly or implicitly inform the transmission direction of a flexible subframe. For example, an explicit signaling could be used to inform the transmission direction of each flexible subframe of each radio frame. Another example is to implicitly determine a flexible subframe as UL subframe once a UE is scheduled to send UL signals, otherwise determine it as a DL subframe and monitor PDCCH on it. This option could achieve traffic adaptive UL-DL reconfiguration as fast as 10ms.
Based on the evaluation results [3~4] for the multi-cell scenario, it was observed that without interference management, TDD UL-DL reconfiguration based on traffic conditions provides benefits over a fixed reference TDD UL-DL configuration with low and medium load. Although faster TDD UL-DL reconfiguration provides larger benefits on average packet throughput than slower TDD UL-DL reconfiguration, the gain reduces with the increasing of cell traffic load and/or packet size. More investigations are needed when determining a proper method for supporting TDD traffic adaptive UL-DL reconfiguration.
3 Standard impact
In this section, the standard impacts caused by each option are discussed and compared. Our preference is also given based on the analysis.
3.1 Signaling of UL-DL reconfiguration
On the signaling design to support different options,

· In Option 1, no additional signaling is needed for supporting UL-DL reconfiguration. 

· In Option 2, additional higher layer signaling is needed to inform the UE about the UL-DL configurations.

· In Option 3, higher layer signaling is needed to inform UEs the set of flexible subframes. In addition, physical layer signaling may also be needed to explicitly inform UEs the transmission direction of each flexible subframe. Implicit determination of transmission direction does not require additional physical layer signaling, however, additional complexity is required to implement the implicit determination procedure at least at the UE side compared with the method of explicit determination.

Observation 1: No additional signaling is needed if the reconfiguration is by existing SIB signaling. Faster reconfiguration requires at least additional higher layer signaling.

· Either additional physical layer signaling or implementation complexity will also be needed for dynamic reconfiguration.

3.2 HARQ timing
Another issue to be considered is HARQ timing for traffic adaptive UL-DL reconfiguration. Here the HARQ timing includes both scheduling timing and HARQ-ACK timing.
In option 1 and 2 with semi-static reconfiguration, 
· during the period without UL-DL reconfiguration, the HARQ timing defined in Rel-8 can be used 
· during the period of reconfiguration a new HARQ timing for reconfiguration period can be considered to avoid interruption of downlink and uplink transmission. Interruptions may occur when 
· the UL grant is transmitted before reconfiguration and the corresponding PUSCH is transmitted after reconfiguration
· the data channel is transmitted before reconfiguration and the corresponding HARQ-ACK feedback is transmitted after reconfiguration
In option 3, since the transmission direction of some subframes is dynamically changed, Rel-8 HARQ timing is not applicable and a new HARQ timing must be considered, such as explicit signaling indication and reference HARQ timing. (Explicit signaling indication and reference HARQ timing can also be used in Options 1 and 2 to avoid defining a new HARQ timing for the reconfiguration period.)

In addition, any of the above changes on HARQ timing may have impact on PHICH and UL ACK/NACK resource allocation and HARQ process number determination, which should also be considered.

Observation 2: HARQ timing needs to be reconsidered, including the consequent resource allocation of UL ACK/NACK and PHICH.
3.3 UL-DL configuration misalignment
For TDD traffic adaptive UL-DL reconfiguration, the understanding of the transmission direction of a subframe may be misaligned between UE and eNodeB, or among different UEs, if the reconfiguration applied by eNodeB is different from that applied by the UEs. Some reasons for this are:

· UE does not correctly decode or does not update in time the control signaling for reconfiguration;

· For legacy UEs, the configuration informed by SIB1 is different from the configuration used by the eNB;

The misalignment may cause interference among UEs in the same cell, unsuccessful detection of data and control channel and inaccurate channel measurement. A UE may mistakenly measure CRS in a subframe for CQI/PMI/RI reporting where the subframe is actually used as an UL subframe by eNodeB. This will make the CSI measurement unreliable, especially for a Rel-8/9 UE. For a Rel-10 or beyond UE, this could be relaxed by eNodeB configuring different subframe set for CSI measurement, where subframe 0, 1, 5 and 6 are configured as one subframe set since they are fixed as DL subframes and are reliable. This issue only exists for Option 2 and Option 3.

The problem caused by misalignment can not be ignored for traffic adaptive UL-DL reconfiguration, as the misalignment can occur much more frequently than in the traditional TDD deployment.

Observation 3: The misalignment between eNB and UEs should be considered, including the unreliable CSI measurement for Rel-8/9 UEs if the reconfiguration is not by existing SIB signaling.
3.4 Interference management
When applying TDD traffic adaptive UL-DL reconfiguration, UL-DL interference may arise since the neighboring cells may have different UL-DL configurations. As shown in the co-existence analysis performed by RAN4, significant BS-BS coexistence challenges have been observed without any interference mitigation mechanisms. With interference mitigation, interference coordination among eNodeBs will be needed before changing the UL-DL configurations. It will be challenging to implement Option 3 when taking the interference mitigation into account.
Observation 4: Significant challenges exist for implementing dynamic reconfiguration when taking interference mitigation into account.
4 Conclusion

In this contribution, three options for supporting TDD UL-DL reconfiguration are discussed and compared. Option 1, the TDD UL-DL configuration is semi-statically reconfigured through Rel-8 system information updating procedure, with the minimum reconfiguration period of 640ms. 

Option 2, the TDD UL-DL configuration is semi-statically reconfigured through additional RRC or SIB signaling, when a relatively faster reconfiguration period is considered. 

Option 3, the TDD UL-DL configuration is dynamically reconfigured through physical layer signaling. The main observations are:
Observation 1: No additional signaling is needed if the reconfiguration is by existing SIB signaling. Faster reconfiguration requires at least additional higher layer signaling.

· Either additional physical layer signaling or implementation complexity will also be needed for dynamic reconfiguration.

Observation 2: HARQ timing needs to be reconsidered, including the consequent resource allocation of UL ACK/NACK and PHICH.

Observation 3: The misalignment between eNB and UEs should be considered, including the unreliable CSI measurement for Rel-8/9 UEs if the reconfiguration is not by existing SIB signaling.

Observation 4: Significant challenges exist for implementing dynamic reconfiguration when taking interference mitigation into account.
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