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1. Introduction

For the work item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA),” progress has been made in recent RAN 1 meetings [1]. Enhancement of power control and PHY explicit signalling have been agreed as the baseline for the interference mitigation (IM) scheme and the reconfiguration signalling mechanism, respectively. It is stated in the WID that [2]

·  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.
The requirement of maintaining backward compatibility has imposed several design constraints on eIMTA systems. The technique of using MBSFN subframes is again considered by a few companies as a solution to the backward compatibility problem. In this contribution, we discuss and propose possible enhancement methods to Rel-12 UEs UL transmissions in MBSFN subframes in eIMTA systems.
2. Discussions
In TDD eIMTA systems, the subfame direction (UL or DL) can be dynamically adjusted to adapt to the current data traffic. As legacy UEs are not compatible with eIMTA and have to follow the system information change procedure, the understanding of the current TDD configuration might be different between legacy UEs and Rel-12 UEs. Among all the problems this might lead to, the legacy UE DL measurement is the most notable one. Legacy UE DL measurement includes CSI report, RRM measurement, and RLM measurement, which requires the presence of CRS in every single DL subframe. Failing to transmit CRS in certain DL subframes leads to incorrect DL measurement results, or even triggers RLF for legacy UEs. Therefore, dynamically changing DL subframes to UL subframes requires further design considerations. 
Different views on how to dynamically adjust the subframe directions while preserving the backward compatibility have been observed. Some companies propose to avoid changing the subframe direction if it is signalled in SIB1 as DL [3-5]. Some consider using MBSFN again in this case by configuring a few subframes which are signalled as DL in SIB1 as MBSFN; the eNB can then safely utilize them to serve Rel-12 UEs UL data without disturbing the legacy UEs DL measurement process [6-8]. Currently, the consensus is slightly inclined to the option of not changing legacy DL subframes. Agreement on such a working assumption is also currently under evaluation [1]
· Working assumption (to be revisited in RAN1#74bis if significant drawbacks are identified; specifically, PUSCH transmission in MBSFN subframes may be compared with this solution in RAN1#74bis): A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.
However, as explained in our companion contribution, in addition to solving the issue of legacy DL measurement, MBSFN subframes can also be used as an enhancement method for improving the UL capacity of eIMTA UEs considering the non-10 ms UL HARQ RTT problem [9] [10]. 

In MBSFN subframes, depending on the number of antenna ports, one or two OFDM symbols are needed in the control region. Furthermore, a gap region is needed between the control region and the data region to allow for the circuit switching time from Rx to Tx and the timing advance. The circuit switching time is typically on the scale of a few tens of micro seconds. The amount of time needed for timing advance depends on the cell size supported. As the technique of eIMTA is generally targeted at small cells, a gap region of one OFDM symbol is considered to be enough. 

Observation 1: One OFDM symbol is needed in MBSFN subframes as the gap between the control region and the data region.
For Rel-12 UL transmissions in MBSFN subframes in eIMTA, the available UL resource is reduced by two or three OFDM symbols. The effect of such reduced UL resource was not taken into account during the standardization of UL DMRS. It is expected that the UL demodulation performance would be impacted due to such effect. We thus propose an enhancement to UL DMRS under such circumstances. Note that we consider only PUSCH here since PUCCH can be scheduled in fixed UL subframes for Rel-12 UEs, as is also pointed out in [8].
The UL DMRS for PUSCH is designed to be placed in the middle of a slot. Such a design philosophy is intuitively satisfying as the distance from the data symbols to the DMRS is well balanced. Specifically, a DMRS is transmitted within the fourth symbol of each UL slot (the third symbol in the case of extended CP). As mentioned previously, in the case of MBSFN in eIMTA, two or three OFDM symbols in the first slot are not available for UL use. We thus propose to shift the UL DMRS symbol to the middle of the remaining part of the UL resource. An illustration is provided in Fig. 1 assuming two OFDM symbols in the control region. Normal CP is assumed. Note that in the case of even numbers of OFDM symbols in the data region, the exact position of DMRS can be further discussed.
Proposal 1: Enhance the Rel-12 UL demodulation performance in MBSFN subframes in eIMTA by shifting the UL DMRS.
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Fig.1. Improvement to the UL demodulation performance by UL DMRS shifting.

3. Conclusions
In this contribution, we have discussed and analysed the possible methods in supporting the backward compatibility in TDD eIMTA systems. In the case that MBSFN is adopted, we have the following observation and proposal: 
Observation 1: One OFDM symbol is needed in MBSFN subframes as the gap between the control region and the data region.
Proposal 1: Enhance the Rel-12 UL demodulation performance in MBSFN subframes in eIMTA by shifting the UL DMRS.
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