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1 Introduction

Support of backward compatibility is one requirement of the new work item created for Rel-12 to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]:


“Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs 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”
This contribution discusses DL transmission modes and related impacts to support for eIMTA considering the need for backward compatibility. 
2 DL TMs for eIMTA
In RAN1#73, several contributions discussed the DL transmission modes to be supported in flexible DL subframes [2]-[5]. The main issue is whether or not CRS-based TMs should be supported in the flexible DL subframes. 
This contribution considers various aspects related to the DL transmission modes supported in flexible DL subframes, including: 
· Interference impact

· Specification impact

· Other impact

Interference impact

CRS can be transmitted with higher power than data. If CRS-based TMs are supported in flexible DL subframes, CRS transmission from a Pico eNB can cause strong interference on the UL reception of other neighbour Pico eNBs. Figure 1 shows interference scenarios by CRS transmission in flexible subframes. 
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Figure 1: Interference situations by CRS transmission in flexible subframes
Interference from CRS transmission is eNB-to-eNB interference and various interference mitigation schemes to mitigate it have been proposed including CCIM, SDIM, eICIC and etc. In addition, separate power controls for two UL subframe sets will be supported. For reliable UL reception for victim Pico eNBs, the UL transmission power in the flexible UL subframes can be further adjusted (increased) particularly, considering that UEs in Pico eNBs typically transmit with power that is far below a maximum transmission power. Therefore, with combinations of the above interference mitigation methods, the impact of CRS interference in flexible DL subframes can be effectively reduced. 
Specification impact

In order to report CSI to the serving eNB, UEs need to measure channel and interference in DL subframes. For interference measurement, CRS or IMR can be used depending on the DL TM. If a UE is configured with DL TM 1~9, CRS is used for interference measurement. Otherwise, if a UE is configured with DL TM 10, IMR is used for interference measurement. When a TDD UL-DL configuration is adapted for eIMTA, if CRS DL TMs are supported for flexible DL subframes, CRS would be used for interference measurement in the flexible DL subframes. Otherwise, if only DMRS DL TM is supported for flexible DL subframes, IMR would be used for interference measurement.
If CRS DL TMs are supported for flexible DL subframes, interference measured from CRS in the flexible DL subframe may be averaged out with interferences from other DL subframes or other flexible DL subframes. Accordingly, the averaged interference does not properly reflect the interference in a particular flexible DL subframe. Even in case that only DMRS DL TM is supported for flexible DL subframes, if interference measured from IMR is averaged over multiple subframes, it may not properly reflect the interference in a particular flexible DL subframe. Therefore, when eIMTA UEs need to measure interference for a flexible DL subframe, interference measurement should be limited to the flexible DL subframe regardless of which DL TMs are supported for the flexible DL subframe. 
Other impact

Since LTE Rel-8, backward compatibility has been a cornerstone for every evolution and there has been no restriction to DL TMs that can be supported for UEs. This enables all possible UE categories to benefit from the evolutions in the LTE specifications. For this reason, it is preferable that all DL TMs in flexible subframes are supported for eIMTA. 
3 Conclusions
This contribution considered the supported DL transmission modes in flexible DL subframes and proposes the following:
Proposal 1:  All DL TMs are supported in flexible DL subframes.
Proposal 2: An interference measurement can be restricted to be within one flexible DL subframe.  
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