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1
Introduction
The goal of eIMTA WI [1] is to enable more flexible TDD UL-DL reconfiguration for traffic adaptation in e.g. small cells. The starting point following the Rel-12 assumptions is that the eNodeB may vary UL-DL configuration relatively often (for those UEs configured to flexible UL/DL mode) compared to the existing situation where UL-DL configuration is in practice very stationary. Based on the work so far, some basic assumptions can be made:

· There is a predefined cell-specific UL/DL configuration broadcasted in the cell using SIB-1. The legacy UEs in the cell follow this configuration all the time. 

· No new TDD UL-DL configurations are introduced: Flexible TDD reconfiguration can only happen among existing (seven) configurations. TDD reconfiguration can occur with (at most) radio frame periodicity for those UEs configured to Flex configuration (i.e. flexible TDD UL-DL reconfiguration). 

· In each UL-DL configuration there are fixed subframes where the link direction is always predetermined. These fixed subframes are denoted as D (Downlink), S (Special) and U (Uplink) 

· Additionally, there are as well flexible subframes (denoted as F). Flexible (F) subframes can be used by the eNB as downlink or uplink subframes
· The number of Flexible subframes may depend on the scenario (e.g. depending on UL and DL reference configurations).

The Figure 1 illustrates the basic setting. Here we show TDD configuration 0 as an example, but the same principle applies to other configurations as well. In addition to the SIB-1 configured UL-DL configuration, which defines whether a given subframe in the radio frame is downlink, special, or uplink subframe, in the case of flexible TDD UL-DL configurations e.g. some of the uplink subframes can be changed into downlink subframes.
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Figure 1. Radio frame showing Downlink (D), Uplink (U) and Special (S) subframes according to exemplary SIB-1 configuration #0, as well as Flexible subframes available for Rel-12 UEs configured to flexible UL/DL mode (UL reference UL-DL configuration = 0, DL reference DL-UL configuration = 5). 
One of the remaining aspects of eIMTA work is the definition of transmission modes to be applied on flexible subframes when used as downlink subframes. This contribution discusses briefly the transmission modes and schemes applicable for eIMTA.
2
Discussion
When considering the transmission modes for eIMTA, one should make a distinction between the two types of DL subframes, namely fixed and flexible:
Fixed DL subframes

Regarding fixed DL subframes, eIMTA does not bring any obvious changes. The existing transmission modes should be supported similarly as in the prior LTE releases. From transmission mode point of view, Subframe #6 should be considered either as fixed DL subframe or special subframe.

Flexible DL subframes
As legacy UEs consider flexible DL subframe as UL subframe, there is no strict limitation with respect to backwards compatibility. Rel-11 and earlier UEs will only consider the SIB-1 configured DL subframes when e.g. making measurements etc. Furthermore, there is no need to enforce the same transmission mode to be applied in the fixed and the flexible DL subframes. This opens a door for optimizing the transmission in the flexible DL subframes to suit the desired scenario. In flexible DL subframes two main options exist:

- Alt 1: CRS are transmitted: legacy DL TMs are used - PDCCH & EPDCCH are available
- Alt 2: CRS are not transmitted (i.e. CRS-less flexible DL subframes):  a new DL TM needs to be introduced – only EPDCCH available
In the following we give some considerations regarding these two options:
Alt 1: This is a straight forward option. Transmitting CRS in the flexible DL subframes allows for simple and fast implementation of dynamic TDD UL-DL reconfiguration, relying very largely on exiting functionalities. The same TMs can be applied as in the fixed DL subframes, including the possibility for both CRS and DM RS based demodulation. Moreover, the downlink control information can be carried either PDCCH or EPDCCH (if configured). 

Proposal 1: Transmission of CRS should be possible also in the flexible DL subframes.
As a further optimization of Alt 1, it should be also possible to configure the flexible DL subframes as MBSFN subframes. This allows for minimizing the CRS overhead by using DM RS based TMs while at the same time allowing for PDCCH to be used.

Proposal 2: It should be possible to configure flexible DL subframes as MBSFN subframes.
Alt 2: Another possible mode of operation for flexible DL subframes is to omit CRS altogether and solely rely on DM RS and EPDCCH for data demodulation. The benefits of this alternative include further reduced overhead due to elimination of CRS in the flexible subframes as well as improved possibilities for interference coordination. As pointed out in [2], this leads into a frame structure which is very similar to that of NCT. However, compared to NCT, the implementation and standardization effort is significantly reduced and most importantly the backward compatibility for Rel-8 through Rel-11 UEs is retained through fixed subframes. On the other hand, the operation in these flexible CRS-less DL subframes would need to rely on EPDCCH only and would likely require a new TM specifically for these subframes resulting in non-negligible standardization and implementation efforts. Potential gains of this approach could be studied further. In the related investigations, also the required time to complete this feature would need to be considered, i.e. the timely completion of the WI should not be risked.

Observation: Omitting CRS in the flexible subframes and using only EPDCCH for scheduling as well as a new flexible DL subframe specific TM could be studied further. This should not impact the timeline of the WI. 
3
Conclusion
In this contribution we have discussed the transmission modes for eIMTA on a high level. To primary options are identified, namely with and without CRS being transmitted in the flexible DL subframes. We observe that both options have certain merits and propose:
Proposal 1: Transmission of CRS should be possible also in the flexible DL subframes.

Proposal 2: It should be possible to configure flexible DL subframes as MBSFN subframes.
Observation: Omitting CRS in the flexible subframes and using only EPDCCH for scheduling as well as a new flexible DL subframe specific TM could be studied further. This should not impact the timeline of the WI.
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