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1. Introduction

The dynamic adaptation of UL-DL configurations [1] in multi-cell scenarios may often lead to opposite transmission direction in different cells. The opposite transmission direction may cause subframe MCS/CQI mismatch between regular subframes (i.e. DL only or UL only) and flexible subframes (i.e. subframes that may change transmission directions). In this contribution we present the analysis of MCS/CQI mismatch effect in multi-cell Pico-Pico scenario for the case of traffic adaptation (TA) and DL-UL interference management and traffic adaptation (IMTA) algorithm described in [2].
2. MCS Mismatch and Dynamic UL-DL Configuration
In LTE TDD systems with dynamic UL-DL configuration adjustments the subframes may be classified in accordance with the possibility to change the transmission directions (see Figure 1):

· Regular DL subframes (subframes #0, 1, 5, 6);

· Regular UL subframes (subframe #2);

· Flexible subframes that can be configured as either DL or UL (subframes #3, 4, 7, 8, 9).
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Figure 1. Flexible subframes in legacy set of UL-DL configurations.
The interference environment in DL only, UL only and flexible subframes is different and it may result in MCS mismatch between the subframes (e.g. between regular DL subframes and flexible subframes configured in DL). The divergence in interference environment can be explained by different transmit powers of eNodeBs and UEs, propagation conditions on UE-UE, eNodeB-eNodeB and eNodeB-UE links and the variable amount of stations that have opposite transmission directions. In current analysis the MCS mismatch problem is separately analyzed for regular DL, regular UL and flexible subframes that can be configured as DL or UL. 
In this work, to estimate the subframe MCS mismatch and avoid effects dependent on the implementation of link adaptation algorithms at the eNodeB side (e.g. MCS adjustment, outer-loop parameters) we estimate the instantaneous (ideal) MCS metric. The ideal MCS is defined as the best MCS that can be potentially received by the UE satisfying initial PER equal to 10%. The ideal MCS estimation is done at the UE or eNodeB receiver sides for DL and UL transmission directions, respectively. The instantaneous interference environment specific for particular subframe is taken into account. The MCS mismatch analysis is conducted for different system loadings and under an assumption of using TA and IMTA approaches described in [2] with 10ms adaptation time scale. The detailed description of the main simulation parameters and traffic adaptation and interference mitigation approach used in this evaluation can be found in our previous contribution [2] and follows the simulation assumptions defined in [3]. Some of the important parameters are also listed below:

· Small scale fading channel: ITU UMi;

· Pico/UE antenna configuration: (2TX, 2RX) / (1TX, 2RX);

· Transmission mode: TM6 (CL-SU MIMO rank1) with wideband PMI report;
· Ideal channel knowledge;

· Non-interference aware MMSE receiver;

· Penetration loss 0dB;

· Traffic adaptation:

· UL-DL configuration # 0 is used if there is no DL and UL data in the queue;

· Basic set of seven legacy LTE UL-DL configurations is applied.
2.1. DL MCS Mismatch in Regular and Flexible Subframes
In Figure 2 we show the cumulative distribution function (CDF) of ideal DL MCS distribution that is estimated at the UE side. The ideal MCS distribution is reported for different system loadings from high to low and separately analyzed for regular DL subframe #0 and flexible DL subframes #3, 4, 7, 8, 9.
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	Figure 2. CDF of ideal MCS for regular and flexible DL subframes.


Analyzing the results presented in Figure 2 the following observations can be concluded:
Observations 1:
· There is a MCS mismatch between regular and flexible DL subframes and it is noticeable at medium system loadings.
· The potentially higher MCS value and thus DL throughput can be achieved on flexible subframes. This can be explained by the fact that DL inter-cell interference is dominant and thus the interference environment on regular subframes is more severe comparing to the flexible subframes where some of the neighboring cells may operate in UL.
· The IMTA approach reduces the subframe MCS mismatch problem and leads to less divergent distribution of ideal MCSs.
2.2. UL MCS Mismatch in Regular and Flexible Subframes
The estimation of the UL MCS mismatch problem for regular and flexible subframes was done following the same methodology that was described in the previous section for the DL. The only difference is that the ideal MCS is now estimated at the base station side. The ideal MCS distribution is reported for different system loadings from high to low and separately analyzed for regular UL subframe #2 and flexible DL subframes #3, 4, 7, 8, 9. The CDFs of ideal UL MCS distribution are shown in Figure 3 for TA and IMTA approaches.
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	Figure 3. CDF of ideal MCS for regular and flexible UL subframes.


The following observation can be drawn from the system level simulation results presented in Figure 3.
Observations 2:
· The MCS mismatch is more noticeable in UL comparing to DL and is especially evident for the case of using TA only. In case of TA only method the subframe MCS mismatch problem exists even in low loading.
· The potentially higher MCS value and thus UL throughput can be achieved on regular UL subframes. In this sense the situation is opposite comparing to the DL case.

· In case of TA only the UL transmission on flexible subframes becomes non-feasible if a coupled Pico-cell has an opposite transmission direction.
· The IMTA approach reduces the subframe MCS mismatch and leads to less divergent distribution of ideal UL MCSs.

3. Conclusion
In this contribution we have analyzed the MCS mismatch problem between regular and flexible subframes. We have shown that regular and flexible subframes are characterized by different MCS distributions. In summary we have observed that the DL MCS derived for regular DL subframes may be pessimistic if applied on flexible DL subframes. For uplink transmission direction the effect of subframe MCS mismatch is opposite, i.e. the UL MCS derived on regular subframes is optimistic if it is applied on flexible UL subframes. We have also observed that the DL-UL interference problem may completely destroy the UL transmission on flexible subframes if neighboring Pico cells have strong coupling and no interference management is applied. The IMTA approach described in [2] helps to resolve subframe MCS mismatch problem due to control of DL-UL interference level and aligned transmission direction in coupled Pico cells.
Proposals:
· Capture presented observations in the study item technical report.

· Further study if additional mechanisms for MCS adaptation in flexible subframes are needed.
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