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1 Introduction

At the RAN#51 plenary meeting, the Rel-11 SI eIMTA [1] was approved. In the past two years, 3GPP carried out in-depth research and released the corresponding technical report [2]. At the RAN#58 plenary meeting, a new Rel-12 work item concerning the eIMTA was approved.
In the WID [3] the WI objective is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells including at least pico or femto cell. According to the agreed WID [3] backward compatibility shall be maintained and performance of both legacy UE and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item.
In this contribution, we will discuss the backward compatibility for legacy UE and provide some initial considerations.
2 The future challenges for legacy UE
Illustrated as in Fig 1, the backward compatibility problem for legacy UE is caused by the misunderstanding due to the conversion of subframe transmission direction. 
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Fig 1: the conversion of subframe transmission direction

As shown in Fig 1, since the “real” TDD UL-DL subframe configuration, shown in new defined “TDD configuration indication” for Rel-12 UE, is not aware by “legacy UE”, the TDD UL-DL subframe (re)configuration using for “legacy UE”, derived from system information, may be different from the Rel-12 UE’s understanding. More specifically, as an example marked as red box in Fig 1, the DL subframe from legacy UE’s point of view is switched to UL subframe due to the TDD reconfiguration. Therefore, some regular legacy UE behaviors, such as UE DL measurement, CSI report and the SRS/PRACH transmission, will be disturbed as the misunderstanding. Such misunderstanding will be a serious challenge for the system performance and even realizability of legacy UE.
In the following section, we will discuss these challenges in detail.
2.1 HARQ timeline for legacy UE
Given that UE HARQ timeline in TDD is determined by the TDD UL-DL configuration. Hence, if the new defining signaling signaled TDD UL-DL configuration is different from that signaled in SIB1, the HARQ behavior of legacy UE shall be impacted. This may degrade the throughput of legacy UEs.
One potential solution is based on “reference TDD configuration“, as shown in Fig 2. Following the regulations defined in Rel-8, legacy UE carry out the HARQ operation with partial scheduling restrictions, determined by the TDD UL-DL configuration signaled in SIB1. More specifically, illustrated in Fig 2, the HARQ timeline is determined by “reference TDD configuration”, that is, signaled in SIB1. Afterwards, according to the actual TDD configuration signaled in new defining reconfiguration signaling, the user data scheduling only be allowed in certain specific subframes, in which subframe have the same transmission direction as reference TDD configuration.  
Observation 1: “Reference TDD configuration based” Legacy UE HARQ timeline can maintain the backward compatibility of eIMTA for legacy UE.
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Fig 2: Reference TDD configuration based HARQ timing for Legacy UE
This solution does not require any standardization efforts, but only scheduling restriction in eNB side. Performance degradation for legacy UE is unavoidable. Fortunately, at least, compare with non-optimal HARQ timeline, these wasted subframes, in which time and frequency resource is scheduled to legacy UE but transmitter cannot receive the feedback, can be utilized by Rel-12 UE. For example, if TDD configuration signaled in SIB1 is conf#1, but actual TDD configuration indicated in new defining reconfiguration signaling is conf#0, as illustrated in Fig 2. For legacy UE the subframe #3 is unavailable due to missing the PHICH in subframe#9, but can be utilized by Rel-12 UE.
Observation 2: Although performance degradation for legacy UE is unavoidable, overall performance will not be a serious impact.
2.2 Performance improvement for legacy UE
Based on the Rel-11 SI conclusions, the TDD dynamic reconfiguration provides a promising approach for improving system performance. However, according to the conclusions addressed in the technical report [2], 

“The faster TDD UL-DL reconfiguration time scale provides larger benefits than slower TDD UL-DL reconfiguration time scale”. 

From Rel-12 UE point of view, fast reconfiguration frequency could achieve more benefit. However, since the new defining reconfiguration signaling is unrecognized by legacy UE which may not enjoy the performance gain from reconfiguration.

A potential tradeoff solution [4] is to reconfigure legacy UE with slow TDD UL-DL reconfiguration frequency via SIB signaling, and statistically follows Rel-12 UE TDD UL-DL configuration, which is reconfigured with fast reconfiguration frequency. Such type of “Dual-period reconfiguration” can be simply achieved by existing system information with 320ms or 640ms reconfiguration period. Obviously, legacy UE may obtain potential reconfiguration gain with no standardization efforts.

Observation 3: Legacy UE also can share the benefits from dynamic TDD reconfiguration.
2.3 Other challenges
In addition to aforementioned challenges, the following possible backward compatibility issues also need to be considered during the following WI, such as,

· RLM/RRM measurement
· CSI report

· PRACH/SRS transmission

One potential common solution is that all measurement behaviour (including RRM and RLM) and signal/channel transmission (such as CSI report/PRACH/ SRS transmission) occurs only in “Always DL/UL subframe”, or based on “resource restriction” solution mentioned in [4]. However, the in-depth discussion should be carried out.
Observation 4: The solution of RLM/RRM measurement, CSI report and PRACH/SRS transmission for legacy UE should FFS.
3 Conclusion

The backward compatibility is an important issue for Rel-12 eIMTA WI. In this contribution, we discuss these issues for legacy UE and provide some initial considerations. We kindly ask RAN1 to consider above-mentioned challenges. 

At the end, the following observations are presented:
Observation 1: “Reference TDD configuration based” Legacy UE HARQ timeline can maintain the backward compatibility of eIMTA for legacy UE.
Observation 2: Although performance degradation for legacy UE is unavoidable, overall performance will not be a serious impact.
Observation 3: Legacy UE also can share the benefits from dynamic TDD reconfiguration.
Observation 4: The solution of RLM/RRM measurement, CSI report and PRACH/SRS transmission for legacy UE should FFS.
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