
3GPP TSG RAN1 61#bis meeting
R1-104106
Dresden, Germany, June 28 – July 2, 2010
Source:
CEWiT

Title:
Cognitive Interference Management for Femto-Macro Scenarios

Agenda Item:
6.8.2
Document for:
Discussion 

1. Introduction

A vast number of contributions were submitted to the previous RAN1 meetings on the need for enhanced ICIC for heterogeneous deployments. In particular, several companies presented results indicating interference caused to macro UEs in the presence of Femto nodes. A way forward was agreed in RAN1 #61 [1] , which stated that for Macro-Femto and Femto-Femto co-channel deployment, dominant interference condition exists when Non-CSG/CSG users are in close proximity of Femto. In this case:

· Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference. 

· Enhanced interference management is needed

· Techniques in TR36.921 can be considered where appropriate

The techniques captured in TR36.921 are:

· Control channel protection

· Data channel protection

· Power control

· Information exchange between MeNBs and HeNBs

Proposals have been submitted by various companies which fall into one of the aforementioned categories. In this document, we review some of these schemes and then discuss a proposal for a scheduling-based interference coordination scheme.

2. Power Control

Power control techniques have generally focused on reducing HeNB downlink transmit power. An enhancement to the baseline techniques is suggested in [2] where the HeNB is aware of its pathloss towards its victim MUE. However, accurate pathloss measurements have to be made available to the HeNB. Alternatively, this could be estimated by HeNB (e.g. using location information). It is indeed prudent to consider that signaling over X2 may result in delay, thereby reducing the effectiveness of this scheme. Additionally, the improvement in macro-UE performance is traded-off with significant reduction in QoS experienced by the HNB users (due to reduction/nulling of downlink power). According to simulations results presented in [3], power control may not be sufficient for all CSG deployments since a large fraction of MUEs can experience radio link failure.

3. Resource partitioning

Another option is to partition resources between macro and femto cells. This could be done in frequency or time domain, or a combination of the two. The partitioning can be static, semi-dynamic or fully dynamic.

In [4], the idea of escape carrier is presented where only a sub-set of carriers are assigned to the CSG HeNBs and at least one carrier is reserved for MeNB. Performance of heterogeneous networks with escape carrier configuration may be further boosted by allowing dynamic carrier selection at the HeNB. However this may call for greater signalling overhead and delays as cited earlier. Further it is claimed that this concept is effective in moderate HeNB deployments even in the absence of PC. In more dense deployments PC should be applied also for enhanced performance [5].

[6] considers application of orthogonal frequency partitioning (OFP) where, the total available spectrum is divided into multiple carriers (or sub-bands) and shared by all HeNBs in a non-overlapping fashion. Upon being powered on, the HeNB measures the RSRP of its surrounding HeNBs and determines the set of interfering HeNBs. Then, the HeNB is assigned a non-colliding carrier/sub-band with respect to its interfering HeNBs by the HMS/HeNB. The assignment can be determined by the HeNB itself or by the HMS. The carrier assignments may or may not remain static. In adaptive frequency reuse (AFR) proposed in the same contribution, a HeNB decides whether it can use the orthogonal carrier/sub-bands of its interfering HeNBs based on various criteria like level of RSRP in bands of interest. 

In [7], the method proposed requires the MeNB to estimate DoA of MUE. If the directions of MUE and HeNB are non-colliding, then MUE can be served using all the available frequencies. However, if this is not the case, then schedule priority of frequency resources used by HeNB is lowered to avoid possible strong interference. Both static/adaptive frequency partitioning schemes can be considered for this method. Adaptive frequency resource partitioning is also possible due to X2 and air-interface backhauling.

[2] Suggests a similar form of partitioning where one portion of system bandwidth is reserved for the macro-cell and the remaining is shared between macro- and femto-cells. It is claimed that data channel protection is feasible with existing Rel. 8/9 interference management techniques, or backhaul extensions that could be transparent to Rel. 8/9 UEs. It is to be noted that dominant interference may trigger radio link failure at the UE, since the radio link monitoring procedure requires the UE to average radio condition across entire system bandwidth. If dominant interferers are present over even a part of the system bandwidth, the UEs (even if not scheduled over that part of the bandwidth) triggers radio link failure. Hence control channel protection has to be carefully considered. 

In [8], in order to achieve performance gain in terms of outage probability and throughput, ICIC techniques are extended to the time and space domain. In time-domain ICIC, cooperative silencing is proposed where an eNB/HeNB turns off its transmission for reducing interference to a closely located other cell UE in coordinated subframes. However, CRS transmission is continued to ensure that HUE’s measurement performance does not degrade as it may eventually cause channel estimation error and hence, result in radio link failure. The contribution also proposes an extension of Rel-8/9 ICIC to the space domain by estimation of interference statistics and more accurate CQI/PMI/RI selection. A similar time-domain silencing technique is suggested in [9]. 

Additionally, [9] proposes addressing the MUE dead-zone problem by performing frequency selective scheduling, and beam-forming. [2] proposes that OFDM symbol shifts can be introduced between HeNBs and MeNBs though interference from HeNB for macro UEs is however not eliminated.

Self-optimization approach is suggested in [11], where a cluster of HeNBs perform distributed interference management by sharing information with each other over X2 interface.

According to [3], resource partitioning schemes give good performance when the radio link monitoring procedure is executed only on the protected resources. Furthermore, it may be noted that to conduct resource partitioning in the time-domain, using time-shifts in subframes and forced resource blanking between different cell types requires standardization of time-synchronization mechanism (also for FDD macros and HeNBs). This may be difficult in the Rel-10 time-frame.

4. Cognitive Interference Management

We propose a dynamic resource (in terms of time and frequency resource units) allocation scheme for interference management where the MeNB and HeNBs are allocated transmission opportunities by considering the traffic load and the potential to cause interference at each others’ UEs.

The first step in our approach is to identify the potential victims of interference. Without loss of generality, we consider only interference within the same cell. All UEs in the cell is classified as Safe or Victim with respect to each MeNB/HeNB (other than its serving MeNB/HeNB) in the cell. A UE is considered to be ‘Safe’ w.r.t to a particular MeNB/HeNB if the latter is not capable of causing significant interference at the UE under consideration. A UE that is receiving strong interference from the MeNB/HeNB is tagged as a ‘Victim’ w.r.t that specific MeNB/HeNB.

This classification is done at the MeNB/HeNB based on feedback received from the UEs, which measure the signal strength (RSRP) from the interfering MeNB/HeNBs and report back the information (along with the respective MeNB/HeNB identifiers). Having processed this feedback, the MeNB/HeNB is able to identify the potential interfering MeNB/HeNB(s) for each of its UEs. This information is then exploited for allocation of resources to each MeNB/HeNB (through HMS/HeNB/UE-Assisted/X2) such that it is allowed to transmit using resources that are orthogonal w.r.t to its Victim UEs. Assuming that resource R1 is allocated to, say HeNB1, then the same resource could be allocated to HeNB2 provided that none of its UEs are victims of HeNB1. The MeNB itself could use the same resource for its UEs that are safe from interference w.r.t HeNB1 and HeNB2. In this way, interference can be minimized given that the MeNB/HeNBs are using mutually orthogonal resources in time and frequency w.r.t. their victim UEs. A ‘softer’ form of orthogonal allocation of resources can be also realized by appropriately setting their priorities in the scheduler that operates based on proportional fairness criteria. The schedule priority of time/frequency resources used by MeNB/HeNBs can be set lower to avoid possibly strong interference from HeNB to interference sensitive UEs.

As an example, consider the cell shown in Figure 1a. In this scenario, there are two HeNBs in the cell and a number of UEs, of which 3 are being served directly by the MeNB whereas each HeNB is serving a UE. The UE classification table for this scenario is shown in Figure 1b. Each of the 5 UEs is labeled as Victim or Safe w.r.t to MeNB, HeNB1 and HeNB2 respectively. For example, MUE2 is a victim of HUE1 whereas MUE2 is a Victim of HUE2. Similarly, HUE1 is a Victim w.r.t MeNB. On the other hand, HUE2 is safe from both MeNB and HeNB1.

	
[image: image1]
	MeNB 
HeNB1 
HeNB2 
MUE1 

Safe 

Victim 

Safe 

MUE2 

Safe 

Safe 

Victim 

MUE3 

Safe 

Safe 

Safe 

HUE1 

Victim 

Safe 

Safe 

HUE2 

Safe 

Safe 

Safe 



	Fig 1a: Example scenario
	Fig. 1b: UE Classification


Note that the implementation of the aforementioned scheme requires coordination between MeNB and HeNBs. Many proposals have already been made in this direction, such as OTA signaling, use of X2 interface. In order to reduce signaling overhead, the HeNB gateway can aggregate the interference feedback received from the HeNBs deployed in a particular macro-cell and relay the same to the corresponding MeNB. UEs that are attached to HeNB are expected to be stationary or nomadic; hence the interference from MeNB and other HeNBs will not change much over time. This will reduce the rate at which interference-related information needs to be shared with the MeNB. 
5. Conclusion

The need for interference management for heterogeneous deployments, particularly when HeNBs are in use, has been articulated in many RAN1 contributions. Hence, there is a need for eICIC in such cases, where Rel8/9 based techniques may not be adequate. In this context, several schemes have been proposed which we have reviewed here. 

A scheduling-based interference management scheme has been proposed in this contribution which relies on classification of UEs on the basis of received interference from other in-cell nodes other than the serving MeNB/HeNB. This approach allows orthogonalization of resources being used in the macro- and femto-cells and thus, reduces interference. This scheme requires exchange of information between MeNB and HeNBs which can potentially be done over an X2-like interface or OTA methods, as proposed in other contributions.
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