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1 Introduction
At the RAN1#72bis meeting, it was agreed that “a signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either PHY signaling (not including PBCH/MIB signaling), or MAC signaling” can be further analyzed. Both PHY and MAC signaling mechanisms provide LTE-TDD system with capability of fast UL-DL reconfiguration to adapt to instantaneous traffic conditions. The change of UL-DL configuration may cause different interference environments in flexible and regular subframes, due to the fact that neighboring cells may use different transmission directions at flexible subframes (i.e. part of the cells can transmit in UL). The different interference environment may require adjustment of the link adaptation and feedback reporting mechanisms to further optimize LTE-TDD performance in different transmission modes. In this contribution, we express our views on the dual (or multiple) CSI measurements and transmission modes that can be beneficial for LTE-TDD system with dynamic UL-DL reconfiguration.

2 Interference Environment on Different DL Subframe Types
The flexible and regular DL subframes may have different interference environments since the set of active stations transmitting in DL flexible subframes can be different (e.g. some stations may use flexible subframes for UL). Typically, the UL transmission in neighboring cells increases the DL SINR at flexible subframes, since UEs transmit at lower power level and UE-UE propagation experiences higher attenuation. Therefore, the CQI estimated at the regular subframes can be seen as pessimistic relative to the CQI at the flexible subframes, however it is interesting to evaluate this CQI difference and identify scenarios when multiple CSI measurements can be beneficial. For instance, it can be argued that the benefits at low system loading may be very small, if any. The low power nodes at low and medium loading (when traffic adaptation is beneficial) operate at high SINR, so that additional UE reports may not bring much value. In addition, the observed DL CQI difference at regular and flexible subframes may depend on DL-UL interference mitigation and traffic adaptation schemes. In case of cell clustering DL-UL interference mitigation, the coupled cells (that are likely to be the dominant interferers in both DL and UL transmission directions) can jointly use the same UL-DL configuration. In this case as it was already shown in [1], the CQI difference between regular and flexible subframes may not exist, since the transmission direction in coupled cells is aligned. If some of the coupled cells do not have traffic the DL interference level from these cells will equally disappear at the DL regular and flexible subframes. In opposite case, the simultaneous DL transmissions in all coupled cells will create very similar interference environment at the DL regular and flexible subframes. So the need and benefits from dual CSI measurements in the considered eIMTA scenarios require further analysis and should be discussed jointly with the applied DL-UL interference mitigation scheme.
Observation 1:
· The CQI measurements at the DL regular subframes can be seen as pessimistic/conservative measurement compared to flexible subframes for DL transmission.
· The conservative CQI measurements conducted at the DL regular subframes can be applied by scheduling for transmission at flexible subframes. No significant loss is expected, especially in low and medium system loading scenarios beneficial for eIMTA.
· The CQI difference between regular and flexible subframes depends on applied DL-UL interference mitigation schemes and traffic adaptation strategy.

· Cell-clustering interference mitigation approaches reduce the difference of DL CQI between regular and flexible subframes which is beneficial from link adaptation perspective.
The additional benefits from restricted measurements and different reports on DL regular and flexible subframes can be foreseen in the following cases which should be further analyzed:

· Different set of dominant interferers on regular and flexible subframes. The different sets of dominant interferers on regular and flexible subframes may exist in eIMTA, if serving and neighboring cells use different sets of flexible subframes. For instance, Cell#2, which is a dominant DL interferer for UE#1 served by Cell#1, may use all flexible subframes for UL transmission direction. If Cell#1 uses both regular and flexible subframes for DL transmission to UE#1, the CQI   difference may be observed between DL regular and flexible subframes. If CQI imbalance exists, it can be reduced by using dual outer loops for link adaptation at DL regular and flexible subframes and thus can be handled by vendor-specific scheduling solutions.
· Strong UE-UE interference. The strong UE-UE interference may exist, when two UEs are served by neighboring cells and located close to the inter-cell boundary. From the system level perspective, the probability of UE-UE interference is rather low and it is unlikely to significantly impact on the system performance; although sometimes may be useful for particular UEs.
· Power control for DL-UL interference mitigation. The usage of DL or UL power control on flexible subframes may increase the difference in terms of DL CQI for regular and flexible subframes, however these techniques have not been agreed yet, for DL-UL interference mitigation in LTE-TDD systems. The introduction of UE dual CSI reports may be beneficial if DL power control is applied, however further performance analysis is needed in this direction.

Note that in the considered eIMTA scenarios with non-full buffer FTP traffic model, the significant CQI difference among regular and flexible subframes is not a frequent event due to several reasons: 1) The DL transmission have high geometry SINR, especially at the medium and low system loadings, so that even if dominant interferer changes, the difference in CQI level may not be noticeable due to high SINR and MCS constraint; 2) For majority of DL transmissions, the dominant interferer is often the same for DL regular and flexible subframes, therefore the CQI measured and reported on regular subframes can be also applied for flexible subframes. Figure 1 shows the CDF of the difference in estimated MCS between DL regular subframe #0 and flexible subframe #3 in the Pico-Pico co-channel scenario. The MCS index is estimated at the receiver side assuming the FTP traffic in DL and UL (λDL = 2 and λUL = 1) for different interference management schemes: TA – no inter-cell coordination, CC – cell clustering [2]. 
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Figure 1. CDF of the difference in estimated MCS between regular and flexible subframes of the same frame
Observation 2:
· The dual CSI measurements on DL regular and flexible subframes can be beneficial for eIMTA systems, however the overall performance gains in the considered scenarios may not be significant, especially if cell-clustering based interference mitigation techniques are applied. 
· Separate CQI adaptation loops for regular and flexible subframes (e.g. outer loops) may be more beneficial for UL since it is more sensitive to DL-UL interference, especially if cell clustering is not applied.
Based on the above observations, we suggest continuing analysis of the potential performance benefits from multiple CSI reports jointly with the DL-UL interference mitigation schemes.
Proposal 1:
· Continue discussion on multiple CSI measurements and reporting (e.g. dual CSI for DL regular and flexible subframes) jointly with DL-UL interference mitigation schemes.
3 Discussion on Transmission Modes
The LTE Rel.-11 supports multiple transmission modes that rely on different reference signals to perform demodulation and measurements of CSI information. Therefore, it is important to discuss which transmission modes are to be supported in DL flexible subframes. Multiple factors should be taken into consideration to decide on supported transmission modes. The dynamic UL-DL reconfiguration is feasible and to be applied only at the low power nodes (small cells), that have two TX antennas as baseline. At backward compatible carriers, the limited number of transmit antennas at low power nodes is beneficial for the CRS based transmission modes. The DMRS based transmission modes introduce additional reference signal overhead (require transmission of DMRS signals on top of CRS for demodulation and some of the TMs (e.g. TM9, TM10) also require CSI-RS). In addition, the CRS based transmission modes will be anyway used for legacy UEs to be served on regular subframes by cells with eIMTA capabilities. It can be argued that CRS based transmission modes may not coexist well with some of the DL-UL interference mitigation schemes (e.g. DL power control), however there are no issues in case of cell-clustering approaches or if CRS based transmissions are configured in isolated cells. The usage of DMRS transmission modes only may be highly restrictive from the system perspective, especially if only TM10 or TM9 are supposed to be used. Also, it may be possible to make the transmission of CRS signals at flexible subframes to be configurable by eNodeB. In this case CRSs are transmitted on regular subframes by default and may or may not be transmitted at the flexible subframe depending on the configuration settings.

Proposal 2:
· Support both CRS and DMRS based transmission modes in LTE-TDD systems with dynamic UL-DL reconfiguration.
· The transmission of CRS signals at the DL flexible subframes can be configured by eNodeB (on/off) and coordinated across cells.
4 Resource Restricted Measurements 
In terms of CSI measurements, the major component that can potentially systematically differ between DL flexible and regular subframes is the level of inter-cell interference. At the same time, the channel estimation for the purpose of CSI reporting in serving cell can be done at the regular DL subframes without foreseen performance loss. 
Observation 3:

· Separated interference measurements for CSI (CQI) reporting may be needed for DL regular and flexible subframes, if substantial benefits are shown for agreed DL-UL interference mitigation schemes. The mechanisms of resource-restricted measurements can be reused in this case.

· Channel measurements for CSI reporting can be done at the DL regular subframes without noticeable performance loss.

The potential difference in interference level between DL regular and flexible subframes can be properly handled by link adaptation. For CRS based transmission modes, the resource-restricted measurements at the regular and flexible subframes can be reused to enable different CSI information reports corresponding to regular and flexible subframes. For DMRS based transmission mode (TM10) relying on CSI-RS resources, the additional measurements of interference on flexible subframes is not problematic, as it was highlighted in [3].  For TM10, the separate measurements of interference at DL regular and flexible subframes cannot be supported using one CSI process. The reason is that each CSI process is associated with one CSI-RS resource and CSI-interference measurement (CSI-IM) resource. The periodicity of these resources is multiple of 5ms and thus they cannot occur simultaneously in DL regular and flexible subframes.
5 Conclusions
In this contribution we have reviewed several aspects on adaptation time scale and proposed signaling mechanisms to enable fast adaptation to instantaneous traffic conditions. To enable this feature we have following proposals:
Proposal 1:
· Continue discussion on multiple CSI measurements and reporting (e.g. dual CSI for DL regular and flexible subframes) jointly with DL-UL interference mitigation schemes.
Proposal 2:

· Support both CRS and DMRS based transmission modes in LTE-TDD systems with dynamic UL-DL reconfiguration.

· The transmission of CRS signals at the DL flexible subframes can be configured by eNodeB (on/off) and coordinated across cells.
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Annex – TDD Flexible Subframes
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:
· 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).


[image: image2.emf]Flexible Subframes Flexible Subframes

D S U U U D S U U U

D S U U D S U U D D

D S U D S U D D D D

D S U U U D D D D D

D S U U D D D D D D

D S U D D D D D D D

D S U U U D S U U D

0 1 2 3 4 5 6 7 8 9

Frame

0

1

2

3

4

5

6


Figure 2. Flexible subframes in legacy set of UL-DL configurations.
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