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1 Introduction
At the RAN1#73 meeting, the DL measurements enhancements have been discussed to facilitate DL-UL interference mitigation techniques in LTE-TDD systems with the dynamic UL-DL reconfiguration. The RAN1 WG has made the following agreement [1]:

· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes and/or two types of interference seen by a subframe: 

· FFS if additional (more than two) subframe sets are needed;
· FFS if applicability of this in different CSI reporting modes and/or transmission modes.
In this contribution, we provide our views on the FFS aspects related to CSI measurement/report enhancements listed above as well as provide our views on transmission modes to be supported by LTE-TDD eIMTA systems.
2 On the Amount of Subframe Sets
In LTE-TDD eIMTA systems, the regular DL subframes and flexible subframes (converted from UL to DL) experience different levels and types of inter-cell interference, since neighboring cells may use different UL-DL configurations.
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Figure 1: Interference environments on DL regular and flexible subframes
In particular, regular DL subframes suffer from the DL inter-cell interference only, while flexible subframes are likely to experience the mix of the DL and UL inter-cell interference, due to opposite transmissions in neighboring cells. Therefore, at least two different subframe sets (regular and flexible) may be characterized by different interference environments. In low/medium system loadings, the DL geometry at the Pico cells is rather high in addition the opposite transmission direction in neighboring cell only improves the DL geometry of the Pico cells UEs. Therefore the CSI feedback collected from the regular DL subframes may be considered as pessimistic(conservative) and may be potentially further improved to allow more spectrally efficient transmissions on the set(subsets) of DL flexible  subframes. 
Potential sources of the CQI mismatch between DL regular and flexible subframes:
· Different sets 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 the system performance.

· 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.

The analysis of the CQI difference between different regular and flexible subframes was presented in [2] for selected DL-UL interference mitigation schemes. It was shown that less than 5% of flexible subframes may have noticeable difference in CQI comparing to regular subframes. In the current analysis we also confirm our previous observations by packet throughput analysis. For the Pico-Pico co-channel scenario, the different number of channel quality estimation sets was modeled for traffic adaptation only (TA) and cell clustering (CC) interference mitigation schemes. Figure 1 shows the DL average packet throughput performance for different cell loadings.
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	Figure 2: DL average packet throughput for different number of channel quality estimation loops


Observations 1:
· Separate CSI measurement on regular and flexible subframes gives negligible gains in terms of average packet throughput comparing to the single measurement on DL regular subframes.
· The amount of observed gains depends on the applied DL-UL interference management scheme.
3 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 2:

· Separated interference measurements for CSI (CQI) reporting can be applied for DL regular and flexible subframes. The mechanisms of resource-restricted measurements can be reused in this case.

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

The potential difference in interference level between DL regular and flexible subframes can be also properly handled by link adaptation and two or more sets of outer loops at the eNodeB. For CRS based transmission modes for CSI reporting, 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. In case of DMRS based transmission mode TM10, the separate measurements of interference at DL regular and flexible subframes cannot be supported using one CSI process [3]. 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. In the next section, we discuss how to enable additional interference measurements in flexible subframes.
4 Interference Measurements Enhancements
In LTE Rel-11 to support CSI feedback for downlink CoMP systems interference measurement using interference measurement resource (CSI-IM) was introduced. CSI-IM represents a set of physical resource elements configured by the network for interference measurements. In accordance to the specification the CSI-IM is defined by two parameters – subframeConfig and resourceConfig, which describes the set of downlink subframes and resource elements respectively, where CSI-IM is transmitted. In addition, in Rel-11 CSI-IM configuration is restricted to be always a subset of resource elements configured as zero-power CSI-RS.

From practical consideration, support of interference measurements for eIMTA using single CSI process is always preferable. However with single CSI process, only one CSI-IM configuration can be supported by the UE. In this case it might be not possible to have CSI-IM resource transmissions residing on different types of downlink subframes (flexible and regular). This is due to CSI-IM periodicity of multiple of 5ms. One simple solution proposed in [3] is to introduce a new CSI-IM subframe configuration with periodicity of 1ms and using subframe sets for independent interference measurements. In that case, the UE with single CSI process is able to report two CSI corresponding to the two CSI subframe sets. However this approach may have larger overhead due to muting of PDSCH transmission from the serving cell on every downlink subframe.

Another alternative is to extend CSI-IM configuration to have one more parameter subframeConfig2. Similar to the proposal in [3] the independent interference measurements for flexible and regular subframes can be achieved by using subframe sets. However the relative overhead due to muted PDSCH from the serving cell will be smaller. Figure 3 illustrates the proposed extension to CSI-IM configuration. 
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Figure 3: Extended CSI-IM configuration

Finally it should be noted that with help of additional resourceConfig2 parameter (in addition to subframeConfig2) it might be possible to achieve CSI-IM hopping, which is needed to randomize CSI-IM collisions among neighbouring cells [4]. 

Proposal 1: 

· To enhance interference measurements for CSI in eIMTA scenarios consider extensions to CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2.

5 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 typically 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 is 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 and used transmission modes.

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.
Conclusions

In this contribution, we discussed the need for additional measurements and reporting on flexible subframes. Our system level analysis has shown that in Pico-Pico co-channel scenario, the additional packet throughput performance improvements are negligible. We have noticed that gains may actually depend on the applied DL-UL interference mitigation scheme. We also discussed the transmission modes that should be supported in eIMTA systems and have following proposals.
Proposal 1: 

· To enhance interference measurements for CSI in eIMTA scenarios consider extensions to CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2.

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.
References
[1] Draft Chairman Notes, RAN1#73

[2] R1-132129, Discussion on CSI measurements and transmission modes for LTE-TDD eIMTA, Fukuoka, Japan, May 2013.

[3] R1-132027, On CSI enhancements for Dynamic TDD, Ericsson, ST-Ericsson, Fukuoka, Japan, May 2013.

[4] R1-124627, WF on IMR enhancements, Intel Corporation, San-Diego, USA, October 2012.

PAGE  
4/4

_1436616925.vsd
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


0


1


2


3


4


5


6


7


8


9


Frame


0


1


2


Cell 1


Cell 2


Cell 3


UL interference from cell 2 UL interference from cell 3  IUL-C2 + IUL-C3


DL interference from cell 2 DL interference from cell 3  IDL-C2 + IDL-C3


DL interference from cell 2 
UL interference from cell 3
IDL-C2 + IUL-C3



_1437562163.vsd
Flexible Subframes


Flexible Subframes


subframeConfig


subframeConfig2


0


1


2


3


4


5


6


7


8


9


Frame



