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1. Introduction

Recalling the text from the Rel-10 WI on HetNet interference management [RP-100383]:

· Identify and evaluate non-CA based strategies of heterogeneous network deployments, as well as determine the standardization work necessary to support enhanced inter-cell interference coordination solutions for control and data channels if need is identified (targeted for completion by RAN#49)  

· The study shall include consideration of Rel8/9 techniques and ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact

· Following completion of the above feasibility evaluation, specify suitable solutions considering enhanced ICIC techniques for control and data channels 

We should keep in mind the tight time-lines for this work, and also the text highlighted in blue, namely “if need is identified”. Given this starting point, we here provide a first attempt to summarize the current observations from macro+pico cases and macro+HeNB to identify where potentially new HetNet interference management schemes are needed. Based on this first simple analysis, we provide a list of potential solutions in order of increasing complexity, and propose possible way forward to coming standards work in this domain.
2. Discussion of HetNet Scenarios needing ICIC
Several companies have investigated the performance of macro cells with indoor deployed CSG HeNBs. Such scenarios have been analyzed extensively for cases with plain co-channel deployment. Here it is observed that so-called macro-cell coverage holes can be experienced by macro-UEs being close to CSG HeNBs, where they are not allowed to connect. The aforementioned problem is primarily observed for the downlink, while the uplink performance is less problematic if using reasonable open loop power control parameter settings – see e.g. more details in R1-101924, R1-100350, R4-094245. The aforementioned downlink coverage-hole problem from deploying CSG HeNB is equally relevant for control and data channels, and thus also inline with the observations in R1-101925 – concluding that control and data channel performance is balanced. These findings can be summarized in the following observation:

Observation #1: So-called downlink coverage-hole problems are observed for cases with plain co-channel deployment of macro + CSG HeNBs. The problem is for macro-UEs with no access to CSG HeNBs, and is found to be equally relevant for downlink control and data channel performance.
The second HetNet scenario considered is macro-cells with outdoor pico nodes. Either using the scenario with pico hotspot deployment, or the scenarios where both pico nodes and are UEs are placed uniformly, without any correlation. Examples, of such contributions include:

· R1-101752 (Ericsson), R1-102352 (Qualcomm), R1-101784 (CATT), R1-101926 (NSN & Nokia)

From these contributions it is concluded that co-channel deployment of macro + pico cases works without any explicit interference management mechanism. As reported in R1-101926, good performance from introducing co-channel deployed pico nodes is achieved in both uplink and downlink, and no control problems identified. This basically means that there is no strict need for introducing new standardized resource partitioning schemes between macro and pico nodes. However, in several of the above quoted contributions, it was concluded that further optimization of the co-channel deployed macro + pico nodes is possible via e.g. more optimal serving cell selection to better balance the load between macro and pico nodes, and also between pico nodes. The latter can be achieved either via adjustment of pico node transmit power and/or by using RSRP based serving cell selection criteria with cell specific offsets. Thus, for the macro + pico cases, we make the following observation:

Observation #2: There is no strict need for standardization of interference management for the considered macro + pico scenarios. But, there are indications that the performance may be further improved by using more optimal serving cell selection techniques and/or adjustments of pico node Tx power.
3. Prioritization of interference management techniques
Given the observations in Section 2, we first focus on the various options for solving the so-called downlink coverage-hole problem for macro + CSG HeNB cases. Many solutions have been proposed for solving this problem, where some of the candidate solutions are:
1. Applying power control for the HeNBs (reducing the tx power for some HeNB).

2. Introducing resource partitioning between macro eNBs and CSG HeNBs.

3. Relaxing the CSG constraint, so macro-UEs visiting a house / apartment with a HeNB are allowed access to that node temporarily.

Using HeNB power control (PC), where the transmit power of some HeNBs is reduced, is an efficient method of reducing the probability of experiencing macro-layer coverage holes. Many different flavours of HeNB PC algorithms have been proposed, where some of them are really simple in the sense that no additional signalling is required between network elements. One such example is the case where HeNBs simply benefit from their downlink receiver capability, and measure the RSRP towards the strongest co-channel deployed macro-eNB, and based on that reduce its Tx power. Promising results for HeNB PC algorithms have been reported by several companies in both RAN1 and RAN4.
Proposal #1: It is recommended to study simple HeNB PC algorithms to be standardized for Rel-10. Study the performance & complexity trade-off of different solutions.
The simplest kind of resource partitioning scheme is the use of multiple carriers, where only a sub-set of these carriers are assigned to the CSG HeNBs, while at least one carrier is reserved for macro-cell operation, i.e. always having an escape carrier free of CSG HeNB interference (see more details in R1-101924). The later solution works with Rel-8/9. New frequency domain partitioning schemes could potentially also be introduced within single carrier, by e.g. applying so-called control channel frequency shrinking (see e.g. R1-101982) and/or PRB domain techniques for the data channel (see e.g. R1-102160). However, several of the aforementioned techniques have potential problems as pointed out in R1-102350, and some of the candidate solutions lean towards introducing pseudo carrier aggregation based techniques within a single carrier by restricting control and data channel usage to only part of the band for different base station nodes.
Second type of resource partitioning techniques is to conduct the division in the time-domain, using e.g. time-shifts and forced resource blanking between different cell types. Problems associated with such techniques are discussed in R1-102350. Secondly, application of time-domain techniques would require standardization of time-synchronization mechanism also for FDD macro and HeNB cells, which may be difficult to achieve within the Rel-10 time-frame. Having time-division on a TTI resolution between macro eNBs and HeNBs has also been proposed. Such techniques are considered less attractive for FDD macro eNBs, as putting such restrictions means not fully utilize their power amplifier. For TDD, considering HARQ procedures in different UL/DL configuration, it may be more difficult to find suitable solutions for TTI resolution time-division between macro eNBs and HeNBs in all DL/UL configurations
Proposal #2: Backward compatible resource partitioning between macro and CSG HeNB in the frequency domain on a carrier resolution shall be baseline for comparing with other schemes. We should be cautious by introducing new control- and data-channel intra-carrier resource partitioning schemes between macro eNBs and HeNBs, which are easier and more elegantly introduced by the use of CA (as CA also is coming in Rel-10).
One of the cases that the use of HeNB PC can not completely resolve is the situation where a macro-UE is very close of CSG HeNB (say in the same room) without having access. A possible candidate solution to such cases is for the owner of the HeNB to allow temporary access to the HeNB. Assuming that the macro-user is visiting the home of the HeNB owner, he/she can give the macro-UE access (e.g. via web-interface to configure the HeNB access) to address potential coverage-hole problems. 
Proposal #3: It is suggested to study the effect of assuming that macro-UEs in same rooms/apartments as active HeNBs can access those.
The three interference management techniques for macro + HeNB cases as listed in proposals 1-3 are those that we recommend to prioritize in Rel-10 studies. Note that the listed techniques are not mutual exclusive, but could also be applied in combination. 

For the macro + pico cases, there is less need for standardization of new interference management techniques as summarized in Observation #2. However, there are indications of potential improvements from using more optimal serving cell association and potential adjustment of pico node Tx powers, so we recommend to further study the potential of such techniques to have identified if something could be gained by introducing new standardized schemes here as well. Thus, proposing the following:

Proposal #4: Further study of plain co-channel deployed macro + pico performance optimization via more optimal serving cell selection and pico node power control for dense deployments. Identify if additional standardization is required, and what the corresponding performance gain equals.
4. Summary and proposed way forward
In this contribution we have aimed at identifying the most critical case where standardization of interference management techniques may be needed. As summarized in Observation #1, the most critical case is the macro+HeNB downlink performance:
· Observation #1: So-called downlink coverage-hole problems are observed for cases with plain co-channel deployment of macro + CSG HeNBs. The problem is for macro-UEs with no access to CSG HeNBs, and is found to be equally relevant for downlink control and data channel performance.
For the macro+HeNB cases, we recommended to give priority to further investigation of techniques summarized in the following three proposals:
· Proposal #1: It is recommended to study simple HeNB PC algorithms to be standardized for Rel-10. Study the performance & complexity trade-off of different solutions.
· Proposal #2: Backward compatible resource partitioning between macro and CSG HeNB in the frequency domain on a carrier resolution shall be baseline for comparing with other schemes. We should be cautious by introducing new control- and data-channel intra-carrier resource partitioning schemes between macro eNBs and HeNBs, which are easier and more elegantly introduced by the use of CA (as CA also is coming in Rel-10).

· Proposal #3: It is suggested to study the effect of assuming that macro-UEs in same rooms/apartments as active HeNBs can access those.

Notice here that the simplest technique under proposal #2 is to apply so-called escape carrier, as is already possible with Rel-8/9 without using CA. For the macro + pico case, there is no strict need for interference management to have the system working (given the considered scenario):
· Observation #2: There is no strict need for standardization of interference management for the considered macro + pico scenarios. But, there are indications that the performance may be further improved by using more optimal serving cell selection techniques and/or adjustments of pico node Tx power.
Given observation #2, the following is proposed (but with lower priority than the macro+HeNB studies):

· Proposal #4: Further study of plain co-channel deployed macro + pico performance optimization via more optimal serving cell selection and pico node power control for dense deployments. Identify if additional standardization is required, and what the corresponding performance gain equals.
