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1 Introduction

At the RAN#58 plenary meeting, the work item [1] “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” has been approved. One of the main technical challenges for LTE-TDD systems operating with dynamic UL-DL reconfiguration is the reliable control of the DL-UL interference. The uncoordinated dynamic change of UL-DL configuration in one of the cell may lead to the significant degradation in neighboring cell. The inter-cell interference measurements between base stations may be beneficial to reliably control the level of DL-UL interference at inter eNodeB links and avoid outage situations that may be caused by DL-UL interference. In this contribution, we discuss additional measurements at inter eNodeB links that can be used to facilitate DL-UL interference management techniques.
2 Discussion on DL-UL Interference Types
As it was agreed at the RAN1#72 WG meeting, two scenarios have been prioritized for system design and evaluation:

· Scenario#3: Co-channel Pico-Pico scenario;

· Scenario#4: Adjacent channel Macro-Pico scenario;

The interference analysis conducted during the study item [2] has shown that the main DL-UL interference problems exist at the base station side. There are two different types of DL-UL interference that should be handled to optimize system performance:
· Adjacent channel interference. This DL-UL interference is injected due to non-ideality (non-linearity) of RF chains. For this type of interference, the typical measurements used in communication systems such as channel, RSRP, pathgain are problematic due to adjacent channel transmission. However the level of adjacent channel interference can still be estimated at the receiver side.
· Co-channel interference. For the co-channel DL-UL interference, base stations have more degrees of freedom and can potentially perform any type of measurements including channel, pathgain or DL-UL interference level measurements, etc.
For proper DL-UL interference management it is necessary to know the level of interference and be able to identify the particular source of this interference (e.g. which Pico-cell). In the adjacent channel scenarios, it is also desirable to separately assess the impact from the adjacent and co-channel DL-UL interference. For instance, Pico cell may be able to detect whether main interference comes from the Macro cell operating in adjacent channel or neighboring Pico cell operating in co-channel. A few adjacent channel interference problems in LTE-TDD system with dynamic adjustment of UL-DL configuration at Pico cells are shown in Figure 1 and Figure 2 and described below:

· The UL performance of Pico cells is affected by DL adjacent channel interference coming from Macro cells. This interference may become dominant and thus, Pico cells need to measure the level of adjacent channel interference from DL transmissions in Macro cells.
· The UL performance of Macro cells is affected by DL adjacent channel interference from Pico cells. In this case, Macro cells need to measure adjacent channel interference from the DL transmission in Pico cells.
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Figure 1: Adjacent channel DL-UL interference from Macro cell to Pico cell
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Figure 2: Adjacent channel DL-UL interference from Pico cell to Macro cell

In general, the level of interference in UL subframes can be measured at the base station side without introduction of any additional measurements into the specification. However, the knowledge of interference level only does not provide information about the aggressor cell and interference type (adjacent or co-channel). The identification of aggressor cells is important for DL-UL interference coordination and especially in the Pico-Pico co-channel scenario where strong coupling between Pico cells is often the case [3], [4]. The knowledge of the interference type (adjacent or co-channel) may be also utilized for optimization of system parameters in the adjacent channel scenarios.
Observation 1:
· For DL-UL interference management and coordination it is beneficial to know the level of interference (e.g. maximum level) that neighboring cells may cause to each other and also identify the source of this interference.
· In the adjacent channel scenario, it is also advantageous to differentiate DL-UL interference type: adjacent or co-channel interference.
3 Inter-cell Coordination and Measurements
The inter-cell control of DL-UL interference in LTE-TDD networks is one of the main approaches for interference management. If one eNodeB controls multiple cells, then it is possible to use proprietary vendor-specific solutions to measure the level of cell coupling, however it may limit the overall system performance. The impact on system performance will depend on the density of low power nodes and amount of cells coordinated by one eNodeB. In practice, it is more desirable to strive for scalable solutions that work with different number of cells served by one eNodeB and under different backhaul assumptions. For instance, Figure 3 shows probability that two coupled cells are served by different eNodeBs depending on the amount of cells served by one eNodeB. The coupling pathgain threshold of -90dB was used for this analysis of the Pico-Pico scenario. As it can be seen, there is quite high probability that two coupled Pico cells belong to different eNodeBs.
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Figure 3: Probability that two coupled cells served by different eNBs vs. amount of cells served by eNB
To facilitate DL-UL interference management (in situation when coupled cells are served by different eNodeBs) the inter-cell (inter-eNodeB) coordination and measurement of inter-cell coupling are beneficial. In opposite case, one of the cells may block UL transmission in neighboring cell. The DL-UL interference management and measurements may require some coordination among eNodeBs over X2 interface.
Proposal 1:
· Consider to specify inter-cell (eNodeB) measurements to facilitate DL-UL interference management in LTE-TDD networks.
4 Inter-eNodeB Measurements
Different types of measurements can be considered depending on the interference nature:
· In case of co-channel interference, the measurements of propagation loss (e.g. RSRP, pathgain) between cells may be considered as a general solution that can simplify long-term DL-UL interference management in the network and enable direct control of the amount of DL-UL interference between neighboring cells. For instance, the pathgain values (or the level of co-channel DL-UL interference) may be exchanged among cells to assess the DL-UL interference problem and further coordinate the transmission direction among cells on a long term basis.
· In case of adjacent channel interference, the overall attenuation of interference signal includes ACLR (adjacent channel leakage ratio), ACS (adjacent channel selectivity) and propagation loss of the channel. To optimize system performance in this scenario, Pico cells may measure the level of adjacent channel DL interference and adjust DL or UL transmission parameters. On the other hand, Macro cells may also measure the level of adjacent channel interference from DL transmission of Pico cells in order to reduce the impact on Macro users transmitting UL signal.
The level of inter-cell interference is always measured at the base station side to perform link adaptation and optimize UL performance of mobile terminals. These measurements may be classified on short-term to perform fast link adaptation and long-term to optimize system operational parameters. For DL-UL interference management the long-term measurement is sufficient to prevent harmful impact of DL-UL interference in LTE-TDD networks (especially among coupled cells). For transmission and processing of reference signals the new type inter-eNodeB measurement subframe may be specified.
4.1 Measurement Subframe Type
In this section we discuss which subframes can be used for inter-cell measurements. In general inter-eNodeB measurements may be done on regular DL, flexible DL or UL subframes.

· Measurements on regular DL subframes (#0, 1, 5, 6), may be constrained by the necessity to transmit CRS (#0, 1, 5, 6), PSS (#1, 6)/SSS (#0, 5), PBCH (#0), SIB1 (#5) to legacy UEs. In new carrier type, the problem to conduct measurements on regular subframes may be less challenging, due to lower duty cycle of CRS. Potentially, the measurement on regular subframes can be conducted in subframe #5 when SIB1 is not transmitted or other subframes at certain OFDM symbols that do not carry CRS, PSS/SSS, PBCH.

· Measurements on DL flexible subframes (#3, 4, 7, 8, 9 – depends on SIB1 configuration). In this case one of the flexible subframes may be assigned as DL in all Pico cells. Pico cell may avoid scheduling DL data transmission in this subframe to perform measurements. Depending on carrier type, the DL flexible subframe may or may not carry CRS. If CRSs are transmitted in flexible DL subframes (e.g. legacy carrier), then impact on legacy UEs may be avoided by configuring measurement subframe as an MBSFN subframe with very low duty cycle. In this case measurements can be done outside of the control region of MBSFN subframe.

· Measurements on UL flexible subframes (#3, 4, 7, 8, 9 – depends on SIB1 configuration). In this case cells may assign one of the subframes as an UL and avoid scheduling UL transmission in this subframe utilizing it for inter-cell measurements.

The level of adjacent channel interference from Macro cells may be measured at one of the DL flexible subframes (e.g. #4, 9). The Pico cells with dynamic UL-DL configuration may assign one of the DL flexible subframes as an UL subframe or MBSFN subframe and use it for co-channel and adjacent channel interference measurement. At the same time Macro cells may also declare subframes #4 and 9 as MBSFN and use those for measurements of adjacent channel interference.

4.2 Measurement Signals
If introduction of inter-cell measurements is agreed by RAN1 WG then it can be recommended to use signaling that depends on cell ID information. For instance the CRS or CSI-RS signals can be used for this purpose at least in co-channel case. The CSI-RS signals may be a one of the candidate solutions that jointly with ZP CSI-RS or IMR resources can be used to perform co-channel measurements such as RSRP. The use of other physical signals can be also further discussed.
4.3 Measurements Scheduling

To perform inter-eNodeB measurements, each cell may be configured with the list of cell IDs for which to perform measurements. In addition, the predefined scheduling mechanisms can be defined at higher layers to control the assignment of measurement resources and scheduling of reference signal transmissions (i.e. signals that are used to conduct measurements) and reception by different cells/eNodeBs.

5 Conclusions

In this contribution, we have provided our views on the necessity of inter-eNodeB measurements in LTE-TDD systems with dynamic change of UL-DL configuration. In our view, introduction of inter-cell (eNodeB-eNodeB) measurements is beneficial for DL-UL interference management and can be used to support cell-clustering based techniques and identification of isolated, victim and aggressor cells. In addition, power control settings can be optimized to enable higher flexibility in case of adjacent channel interference. These measurements can be conducted with very low duty cycle so that system overhead is kept negligibly small. In general, many of existing LTE reference signals can be applied to enable such measurement. The mechanisms of inter-cell coordination can be used to facilitate the measurements between cells.
Proposal: 
Continue discussion on the introduction of inter-eNodeB measurements in RAN1 WG and other RAN WGs.

References
[1] RP-121772, “New work item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation”, CATT, December 2012.
[2] 3GPP TR 36.828, “Further enhancements to LTE Time Division Duplex (TDD) for Downlink-Uplink (DL-UL) interference management and traffic adaptation”, 2012.
[3] R1-121529, “Performance analysis of DL-UL interference management and traffic adaptation in multi-cell Pico-Pico deployment scenario”, Intel Corporation, March 2012.
[4] R1-122209, “Evaluation on TDD UL/DL reconfiguration with interference mitigation in multi-cell Pico scenario”, CATT, May 2012.
PAGE  
5/5

_1426148608.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


0


1


Subframe,  1ms


Macro cell  UL-DL Configuration #1 
carrier frequency f2


Adjacent channel interference from Macro cell


Pico cell  UL-DL configuration #0 
carrier frequency f1



_1426148619.vsd
Flexible Subframes


Flexible Subframes


Adjacent channel interference from Pico cell


Macro cell  UL-DL Configuration #1 
carrier frequency f2


Pico cell  UL-DL configuration #4 
carrier frequency f1


D


S


U


U


D


S


U


U


D


D


1


Subframe,  1ms


D


S


U


U


D


D


D


D


D


D


4



